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Executive summary
Introduction
The Carnavon Grower’s Association (CGA) have partnered with the Gascoyne Water Co-
Operative in seeking funding under the Grower Group R&D Grants Program.
The Grower Group R&D Grants Program is a major component of the $22.1 million Agricultural
Sciences R&D Fund, managed by the Department of Agriculture and Food, Western Australia
(DAFWA), with Royalties for Regions investment.
CGA engaged GHD to investigate the technical and economic feasibility of desalinating
groundwater from the Carnarvon Artesian Basin to augment the irrigation supply at Carnarvon.
This report is subject to, and must be read in conjunction with, the limitations set out in Section
1.2 and the assumptions and qualifications contained throughout the Report.
Study scope
The scope of the study is summarised below;
 Review existing data and previous work,
 Visit Carnarvon (1 day), inspect water system facilities and convene Stakeholder
Workshop No 1 with representatives from Carnarvon Growers Association, Gascoyne
Water Co-operative and DAFWA. Agree 3 – 4 possible system configuration options to be
investigated.
 Obtain and examine existing water quality data for artesian bore(s) incorporated within
the study. Assess probable long term water quality and pumping heads.
 Develop preliminary design details for the agreed options in terms of pre-treatment,
desalination and other system modifications required (eg bores, pump stations, pipelines,
tanks, etc). Develop simple summary plans for each option.
 Develop capital and operating cost estimates for each option.
 Develop a cost benefit analysis and possible governance model for each option.
 Convene Stakeholder Workshop No 2 in Carnarvon and present findings. Obtain
feedback including intangible pros and cons associated with each option and residual
risks. Agree preferred option.
 Compile summary report and issue.
Options developed
The Table below details the options and combinations of disposal options analysed as part of
this study.
A base load option as a variation of Option 3 was added to explore the economics of changing
the annual irrigation water use.  A base load supply, supplies the annual volume at a constant
rate (other than shutdown periods for treatment plant maintenance) throughout the year.
Addition of a base load supply to the irrigation scheme would require irrigators to use a higher
percentage of water in off peak periods.
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Item Option 1 Option 2 Option 3 Peaking Option 3 Base
Description Construct
Artesian
Groundwater
Desalination
Scheme for
Carnarvon TWS.
Construct
Artesian
Groundwater
Desalination
Scheme for
supply into the
existing irrigation
scheme
Construct
Artesian
Groundwater
Desalination
Scheme for
supply into the
existing irrigation
scheme
Construct
Artesian
Groundwater
Desalination
Scheme for
supply into the
existing irrigation
scheme
Supply Type Peaking Peaking Peaking Base Load
Demand
(Peak/Annual)
7.45 ML/d  /  1.8
GL/yr
7.9 ML/d  /  1.8
GL/yr
17.5 ML/d  /  4.0
GL/yr
11.9/ 4.0 GL/yr
Marine Outfall
(2 stage RO)
Evaporation
Pond (2 stage
RO)
Evaporation
Pond (3 stage
RO/softener)
Benefit cost analysis results
For each option the expected costs and benefits were modelled over a 20 year timeline and
discounted to present values using a discount rate of 7%. The results presented below show
that with the exception of Option 3b, all options return a negative net benefit, with costs
outweighing the benefits. Option 3b returns a positive benefit of $9.47 and a BCR of 1.15.
1 2a 2b 2c 3a 3b
NPV costs (m) $39.48 $35.93 $34.32 $41.18 $77.18 $62.82
NPV benefits (m) $35.43 $32.53 $32.53 $32.53 $72.29 $72.29
Net benefits (m) -$4.04 -$3.40 -$1.79 -$8.65 -$4.88 $9.47
BCR 0.90 0.91 0.95 0.79 0.94 1.15
Breakeven Analysis (i.e. values of key variables required to return a BCR of 1)
Capital
Costs (m)
assumed $27.40 $24.80 $48.00 $39.90 $47.30 $35.70
breakeven $22.45 $22.57 $43.00 $24.90 $42.10 $45.77
Operating
costs (m)
assumed $1.95 $1.55 $1.63 $1.76 $3.20 $2.86
breakeven $1.49 $1.22 $1.46 $0.92 $2.73 $3.77
Gross
Margins
assumed $1,871 $1,871 $1,871 $1,871 $1,871 $1,871
breakeven $2,103 $2,066 $1,974 $2,368 $1,997 $1,626
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The table below shows the relative cost to supply water under each option, which reflects the
price the scheme operator would need to charge users in order to cover costs.
1 2a 2b 2c 3a 3b
Price of water (to
recover opex) $/ML
$1,084 $860 $905 $979 $794 $708
Price of water (to
recover opex and
capex) $/ML
$1,185 $961 $1,762 $1,428 $846 $1,105
Sensitivity analysis was carried out to test the robustness of the results to changes to discount
rate and assumed production gross margin from additional irrigation water, see below.
Variable Assumption Benefit Cost Ratio
1 2a 2b 2c 3a 3b
Discount Rate 5% 0.97 0.99 1.03 0.87 1.03 1.26
7% 0.90 0.91 0.95 0.79 0.94 1.15
9% 0.83 0.83 0.87 0.72 0.85 1.05
Production
Gross Margins
($/ML)
$1,000 0.51 0.48 0.51 0.42 0.50 0.62
$1,500 0.73 0.73 0.76 0.63 0.75 0.92
$2,000 0.95 0.97 1.01 0.84 1.00 1.23
$3,000 1.39 1.45 1.52 1.27 1.50 1.85
$4,000 1.84 1.94 2.03 1.69 2.00 2.46
Conclusions
Whilst it would be technically feasible to desalinate locally sourced brackish artesian water for
supply into the Carnarvon Town Water Supply or Carnarvon Irrigation Scheme, the results of
the benefit-cost analysis indicate that there is no compelling economic case for establishing
such a facility in the Carnarvon region. Whilst based on the assumptions made Option 3b (4.0
GL/year base load supply) would return a relatively small net benefit (BCA of 1.09), for all other
options the benefits would not outweigh the costs.  Further investigation of the CAB may identify
more favourable aquifer properties reducing the cost of the artesian borefield and hence
improving the net benefit of Option 3B to a level that may support investment.  As Option 3b
relies on irrigation water use patterns at Carnarvon changing to a higher percentage of water
use in off peak periods, which is anticipated to reduce the gross margin, the actual benefits
assumed for this option are likely to be lower than the benefits assumed in this study.
Other conclusions drawn from the study are:
1. From an economic perspective, there is a stronger case to supply desalinated artesian
water directly into the irrigation scheme (Options 2 and 3) rather than supplying this water
into the Town Water Supply (Option 1). Broadly this is because the additional benefits
from improved town water drinking quality were found to be relatively small ($88 per
household per annum) compared to the additional costs associated with this option.
2. It would be far more cost effective to dispose of reject water from the desalination process
to the ocean by means of an ocean outfall rather than via discharge to purpose-built lined
evaporation ponds.
3. Disposal of reject water from the desalination process to evaporation ponds would be
expensive and require a significant area of land.  Whilst the size and thus cost of these
ponds could be reduced by improving the RO plant recovery to reduce the volume of
reject water requiring disposal, by going to 3 stage reverse osmosis treatment and
including softening pre-treatment (Option 2c), when treatment costs are taken into
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account it would be more cost effective to adopt 2 stage reverse osmosis treatment and
dispose the higher reject water volumes to larger evaporation ponds (Option 2b).
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1. Introduction
1.1 Purpose of this report
1.1.1 Introduction
The Gascoyne region is an important seasonal horticultural production area with value
approaching $80 to $100 million annually.  Variation in annual production is due to climatic
variability, extreme weather events, pest and disease pressure and seasonal insecurity of water
sourced from the alluvial aquifers around the Gascoyne River.
The current 10ML/ha water allocation is suitable for annual short term crops which are not
cropped 12 months a year in this region.  With studies showing potential for perennial crops to
be produced in the region for export markets, many producers will require a larger, more secure
water allocation. Reducing the risk of crop failure or low production due to insufficient water with
often high salt level will make investment in irrigated agricultural businesses in the Gascoyne
region more attractive and lower risk.
There is currently 3.3 GL of unallocated water in the Birdrong artesian aquifer surrounding
Carnarvon and reportedly significant licenced volumes underutilised.  This aquifer is between
500m and 1500m deep and has higher security, but lower quality.  This water ranges from about
2000 mg/L to 12000 mg/L TDS.
Desalination of the artesian water would improve the water quality to better than that of the
alluvial aquifers and allow for potential expansion of the current horticultural industry in the
region.
The Carnarvon Grower’s Association (CGA) have partnered with the Gascoyne Water Co-
Operative in seeking funding under the Grower Group R&D Grants Program.
The Grower Group R&D Grants Program is a major component of the $22.1 million Agricultural
Sciences R&D Fund, managed by the Department of Agriculture and Food, Western Australia
(DAFWA), with Royalties for Regions investment.
CGA engaged GHD to investigate the technical and economic feasibility of desalinating
groundwater from the Carnarvon Artesian Basin to augment the irrigation supply at Carnarvon
1.1.2 Purpose and Scope
The purpose of this report is to investigate the technical and economic feasibility of desalinating
groundwater from the Carnarvon Artesian Basin to augment the irrigation supply at Carnarvon.
The scope of the study is summarised below;
 Review existing data and previous work,
 Visit Carnarvon (1 day), inspect water system facilities and convene Stakeholder
Workshop No 1 with representatives from Carnarvon Growers Association, Gascoyne
Water Co-operative and DAFWA. Agree 3 – 4 possible system configuration options to be
investigated.
 Obtain and examine existing water quality data for artesian bore(s) incorporated within
the study. Assess probable long term water quality and pumping heads.
 Develop preliminary design details for the agreed options in terms of pre-treatment,
desalination and other system modifications required (eg bores, pump stations, pipelines,
tanks, etc). Develop simple summary plans for each option.
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 Develop capital and operating cost estimates for each option.
 Develop a cost benefit analysis and possible governance model for each option.
 Convene Stakeholder Workshop No 2 in Carnarvon and present findings. Obtain
feedback including intangible pros and cons associated with each option and residual
risks. Agree preferred option.
 Compile summary report and issue.
The stakeholders that attended the two workshops are listed in Appendix J.
1.2 Scope and limitations
This report has been prepared by GHD for Carnarvon Growers Association and may only be
used and relied on by Carnarvon Growers Association for the purpose agreed between GHD
and the Carnarvon Growers Association as set out in this report.
GHD otherwise disclaims responsibility to any person other than Carnarvon Growers
Association arising in connection with this report. GHD also excludes implied warranties and
conditions, to the extent legally permissible.
The services undertaken by GHD in connection with preparing this report were limited to those
specifically detailed in the report and are subject to the scope limitations set out in the report.
The opinions, conclusions and any recommendations in this report are based on conditions
encountered and information reviewed at the date of preparation of the report.  GHD has no
responsibility or obligation to update this report to account for events or changes occurring
subsequent to the date that the report was prepared.
The opinions, conclusions and any recommendations in this report are based on assumptions
made by GHD described in this report. GHD disclaims liability arising from any of the
assumptions being incorrect.
GHD has prepared this report on the basis of information provided by Carnarvon Growers
Association and others who provided information to GHD (including Government authorities)],
which GHD has not independently verified or checked beyond the agreed scope of work. GHD
does not accept liability in connection with such unverified information, including errors and
omissions in the report which were caused by errors or omissions in that information.
GHD has prepared the preliminary cost estimate set out in section 5 of this report (“Cost
Estimate”) using information reasonably available to the GHD employee(s) who prepared this
report; and based on assumptions and judgments made by GHD.
The Cost Estimate has been prepared for the purpose of option comparison and benefit cost
analysis and must not be used for any other purpose.
The Cost Estimate is a preliminary estimate only. Actual prices, costs and other variables may
be different to those used to prepare the Cost Estimate and may change. Unless as otherwise
specified in this report, no detailed quotation has been obtained for actions identified in this
report. GHD does not represent, warrant or guarantee that the [works/project] can or will be
undertaken at a cost which is the same or less than the Cost Estimate.
Where estimates of potential costs are provided with an indicated level of confidence,
notwithstanding the conservatism of the level of confidence selected as the planning level, there
remains a chance that the cost will be greater than the planning estimate, and any funding
would not be adequate. The confidence level considered to be most appropriate for planning
purposes will vary depending on the conservatism of the user and the nature of the project. The
user should therefore select appropriate confidence levels to suit their particular risk profile.
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1.3 Assumptions
Assumptions made in the preparation of this report are documented primarily in Section 2 but
also in other sections.
It is important to note that the Carnarvon Artesian Basin (CAB) is not well understood.
Accordingly, assumptions have had to be made on the aquifer properties of the CAB.  These
assumptions have a bearing:
 Bore yield and hence the number of bores required.
 Spacing of bores and the length of borefield collector main required.
 Bore drawdown impacting the size of bore pumping equipment, power requirement and
operating costs as well as the impacts on existing bores.
Water quality data is available for the CAB in the vicinity of Carnarvon however the suite of
parameters for which data is available is not as comprehensive as required for design of
desalination plants.  Accordingly, assumptions have had to be made on the performance of the
desalination plant and pre-treatment requirements.
2. Study Inputs
2.1 Broad Concepts
Two broad concepts were developed for use of desalinated artesian water to provide an
irrigation benefit at Carnarvon as outlined below.  These broad concepts guided development of
the conceptual options presented in Section 3.
 Irrigation Supply – desalinated artesian water is supplied directly to the existing irrigation
system
 Town Water Supply – desalinated artesian water becomes the sole source for the
Carnarvon Town Water Supply enabling the existing source to be used for irrigation
supply.
The existing source for the Carnarvon Town Water Supply is superficial groundwater sourced
from the Southern Borefield. The Water Corporation owns and operates the Southern Borefield
and also supplies irrigation water under agreement from the Southern Borefield.
Using desalinated artesian water as the supply for Carnarvon Town Water Supply offers a
number of benefits, they being:
 Improvement in aesthetic water quality. At times, salinity of the water supplied to
Carnarvon exceeds the Water Corporation’s long term planning target of 500mg/L.  A
desalinated water supply can consistently achieve a salinity lower than 500mg/L.
 Potential to site the artesian borefield and desalination plant away from flood prone areas
thereby reducing the risk of supply interruption inherent in the Southern Borefield.
 Enable the Southern Borefield to be dedicated to irrigation supply.  The Water
Corporation currently has a licence to abstract 1.8GL/a of water from the Southern
Borefield for potable water supply purposes. It is expected that this licence would be
transferred for irrigation supply should desalinated artesian water become the supply for
the Carnarvon Town Water Supply.  For this concept, it is assumed that the Water
Corporation would own and operate the desalinated artesian water supply.
Both broad concepts assume that additional irrigation water is used within the existing irrigation
area, that is on lots connected to the current irrigation scheme.  No assessment has been made
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on the potential to develop new land to increase the area under irrigation, nor the infrastructure
costs to do so.
2.2 Peak Capacity
Water demands of irrigation supplies and town water supplies typically vary over the course of a
year. This variation is primarily driven by climate although other factors can also influence
demands.
The capacity of water supply infrastructure needs to be sized to meet the peak demand.
2.2.1 Irrigation Supply
Irrigation demands in Carnarvon vary according to seasonal conditions as well as market
conditions. Figure 1 shows the historical variation of monthly demands for the Carnarvon
Irrigation Scheme (source : Carnarvon Ministerial Advisory Committee Engineering Review
Report).  The ratio of peak demand to annual average demand (peak demand factor) for the
years 2012 to 2014 is in the order of 1.6.
It has been assumed the peak demand factor of 1.6 will still apply for an expanded Carnarvon
Irrigation Scheme upon integration of a desalinated artesian water supply.
Figure 1 Carnarvon Irrigation Demand Variation
If the desalinated artesian water supply was to be integrated into the existing irrigation scheme,
then options exist for optimising the peak capacity of the desalinated artesian water supply.  If
the peak capacity of the existing water sources (Southern Borefield and the Northern Borefield)
were able to be increased, then the capacity of the desalinated artesian water supply could be
lower, potentially as low as the annual average rate (base load supply).  Whilst optimisation of
the peak capacity of the desalinated artesian water supply is outside of the scope of this study,
options have been assessed for a peak capacity supply and a base load supply.
2.2.2 Town Water Supply
The peak demand factor for the Carnarvon Town Water Supply is 1.51 (source: Carnarvon
Ministerial Advisory Committee Engineering Review Report).
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2.3 Borefield Standby Capacity
Standby capacity is typically planned for in water supply borefields by drilling and equipping of a
spare bore or bores to account for the lengthy time required to drill a replacement bore should a
bore fail.  The need for standby borefield capacity is influenced by the availability of other
sources.
2.3.1 Irrigation Supply
It was agreed with stakeholders that no standby borefield capacity would be required if the
desalinated artesian water supply was integrated into the Carnarvon Irrigation Supply for the
reasons outlined below.
 Artesian bores are expensive.
 Standby capacity of the Southern Borefield and Northern Borefield could be utilised.
 The desalinated artesian supply (1.8GL/yr to 4GL/yr) would be a smaller contributor to
total supply.  The irrigation licence of the Southern Borefield is 5GL/yr.  The irrigation
licence of the Northern Borefield, following completion of the Gascoyne Food Bowl
project, could be as high as 7.6 GL/yr.
2.3.2 Town Water Supply
If the desalinated artesian water supply was to become the sole source for the Carnarvon Town
Water Supply and operated by the Water Corporation, then standby borefield capacity would be
required.  For borefields with 10 or less bores, one standby bore is provided.
2.4 Carnarvon Artesian Basin
2.4.1 Hydrological setting
The CAB aquifer is comprised of up to 6 different geological formations. Of these the
occurrence and distribution of the Cretaceous Birdrong Sandstone is the main artesian water
supply aquifer present within the western part of the Carnarvon Sedimentary Basin.
The low demand for water due to the low population density, and the low hydrocarbon and
mineral prospectivity of the southern half of the Gascoyne Platform, have resulted in very few
deep drill holes from which hydraulic and aquifer testing data can be gathered (Wills and
Dogramaci, 2000).
The Birdrong aquifer covers an area of around 25,000 km2 and is generally found to be less
than 30 m in thickness. It occurs at varying depths depending on location but within the study
area is generally found between 300 and 400 mbgl.
Groundwater levels within the Birdrong aquifer and region of the study area are approximately
40 to 50 meters above ground level, resulting in free flowing bores (artesian).
The Kopke aquifer underlies the Birdrong and is also a potential aquifer in the study area (i.e.
Carnarvon). The Kopke underlies the Birdrong Sandstone at a depth of 550m mbgl with a
thickness of 415m.  The Kopke Sandstone aquifer is reported as being fresher, higher yielding
and with a higher artesian head than the Birdrong Sandstone (Wills and Dogramaci, 2000).
The recharge rates and mechanisms of the aquifers are poorly understood, but it is expected
that the main recharge areas predominately occur in areas of outcrop in the Kennedy Range,
approximately 150 km east of Carnarvon.
GHD | Report for Carnarvon Growers Association/Gascoyne Water Co-operative - Carnarvon Artesian Desalination,
61/34615 | 13
2.4.2 Existing groundwater use
The CAB has been targeted for groundwater supply since the 1900’s when it was utilised
predominately by the pastoral industry. This included various stock bores that were drilled into
the artesian aquifers, flowing in an uncontrolled manner into open drains where the water
cooled and was used by stock (DoW 2007). Many of these early bores have since ceased to
flow naturally to the surface due to bore leakage and decreased heads.
There are currently 41 licensed groundwater users for the Birdrong Aquifer within the
Zuytdorp/Ningaloo Groundwater Subarea (location of Carnarvon). These range in annual
allocation from 3,350 ML/annum (GWL56937 for Dampier Salt) to various 7 ML/annum licences
issued to Main Roads WA.
The total allocated volume is 18,342 ML/annum (December 2016). As the 2006 total allocation
was reported as 7,430 ML/annum (DoW, 2007) it is evident that the allocated volume has
increased significantly in the last 10 years.. The Department of Water state that the aquifer is
currently at Level 2 allocation (i.e. there is water available), with a total allocation limit of 30,000
ML per annum.
2.4.3 Aquifer properties
Information on the aquifer testing and properties for CAB aquifers is sparse, presumably given
that artesian conditions (free flowing) negated the requirement for yield testing of the
groundwater bores.
The main source of referenced data is the Wills and Dogramaci 2000 report. The reported
aquifer properties near Carnarvon from the report are reproduced below as Table 1.
As shown in Table 1, there is some uncertainty regarding some of the aquifer properties given
the lack of aquifer testing.
Table 1 CAB confined aquifer properties (from Wills and Dogramaci 2000)
Aquifer Porosity Hydraulic
conductivity
Hydraulic
gradient
Aquifer
Thickness
Gradient
direction
Windalia
Radiolarite
Unknown Unknown 10-3 to 10-4 Thickness of
15m
Westerly
Birdrong
Sandstone
Unknown 5-10 m/day? 10-3 to 10-4 May only be
15m thick at
depths of
500m
Westerly
Kopke
Sandstone
25% 4 m/day 10-4 ? Up to 415m
thick at depth
of 550m
Westerly?
Windalia
Sandstone
Unknown 1-10 m/day? 10-3 to 10-4 Not available Westerly
Tumblagooda
Sandstone
22% 1 m/day Unknown Up to
3,500m thick
at depths of
>2,000m
Northerly?
2.4.4 Groundwater Temperature
Temperature of groundwater from the CAB varies spatially.  Artesian groundwater temperature
is high to the north of Carnarvon decreasing to the south of Carnarvon.
Artesian groundwater at Carnarvon is around 45 degrees C (Source – Department of Water).
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2.4.5 Water quality
The salinity of the aquifer is generally brackish, with fresher water found in the east closest to
the recharge areas. However, the DoW have mapped a region of less brackish water (between
1500 and 3000 mg/L) extending from the Kennedy Range National Park in the east, and
thinning (from a topographical points of view) in a south westerly direction all the way to the
coast (DoW, 2007).
Available water quality data for artesian bores located in the vicinity (0 – 48km) of Carnarvon is
presented in Appendix A.  The bores range in depth from 469m to 612m.
The salinity data for these bores is generally brackish with TDS ranging between 3,584 mg/L
(Brickhouse Boodalia 2008) to 5,642 mg/L (Boolathana 7/2009). However, for the two closest
artesian bores to Carnarvon, salinities are reported as 3,584mg/L (Airport Bore) and 4,340mg/L
(MRWA Carnarvon 2009).
2.4.6 Artesian head
The average artesian pressure in the Shire of Carnarvon’s Airport Bore, the closest bore to
Carnarvon, is 414 kPa (or 42.2m head of water), refer to Table 1 in Appendix A.  Based on a
ground level at the bore of approximately 7m AHD, the artesian level (potentiometric level) is
approximately 50m AHD.
2.4.7 Bore depth
Bore depths of 630m have been adopted for this study, similar to the depth of the Shire of
Carnarvon’s airport bore (Table 1 in Appendix A) targeting the Kopke Sandstone aquifer.
2.4.8 Bore yield
The yield of the Shire of Carnarvon’s airport bore is 3.5ML/d (Drill Report - Bunbury Drilling
Company). It is understood that this is the flowing yield of the bore (i.e. not pumped).
It is possible that a higher bore yield can be achieved by pumping.  However, as the CAB is
poorly defined it is not possible to determine this with any level of confidence.  For the purpose
of this study, a conservative pumped bore yield of 3.5ML/d has been adopted.
Should a bore yield higher than 3.5ML/day be achieved by pumping then the number of bores
required would reduce.  This cost saving would be offset by the likely need to increase the bore
diameter to accommodate a larger pump and borefield costs would be reduced.
2.4.9 Potential bore field configuration
For a 1.8GL/yr desalinated artesian water supply to an expanded irrigation scheme, the peak
production capacity required is estimated to be 7.9ML/d, adopting a peak demand factor of 1.6
(refer to Section 2.2.1).  Allowing for desalination plant recovery rates (refer to Section 2.5.2),
the required raw water production rate is 10.8ML/d.  A single artesian bore is unlikely to achieve
this and a minimum of 3 production bores (maximum of 3.6 ML/d per bore) is anticipated to be
required.
Arrangement of the artesian borefield, specifically bore spacing, is dependent on a number
factors.  Spacing the bores far apart to achieve free flowing rates increases the length (and
potentially diameter) of the borefield collector main.  Alternatively, reducing the bore spacing to
reduce borefield collector main costs, causes mutual interference between the bores to the
extent that bore pumping is required incurring both capital and operating costs.
Preliminary hydrogeological calculations for bore interference and resultant drawdown were
undertaken using the Theis solution to the non-equilibrium well equation. In order to complete
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this analysis, broad assumptions for values of storativity and transmissivity for the Birdrong
Aquifer (generic name that encompasses the formations of the CAB) were adopted as detailed
in Table 2.
Table 2 Storativity and Transmissivity Assumptions
Case Storativity Transmissivity (m2/day)
Best 0.0001 200
Middle 0.0001 150
Worst 0.00001 100
Based on this approach, the calculated extent of drawdown of the Birdrong Aquifer from a single
bore after 365 days of abstraction could extend as far as 10km based on the middle case (refer
to Table 2) values for storativity and transmissivity as shown in the chart in Error! Reference
source not found.. As such a single bore would have to be located too far from the Project
area to minimise local drawdown (and impact on existing groundwater uses). As such
alternative borefield configurations were tested to arrive at an appropriate design basis for this
study.
Bore spacings of 800m, 2km and 4km were assessed each of which would require bore pumps
to be installed.  The reduced pumping requirement and hence operating cost for the 2km and
4km options were not considered significant in relation to the higher capital costs of the longer
borefield collector main.  Accordingly, an 800m bore spacing was adopted for this study.
Further investigation of the CAB is recommended to better quantify aquifer properties (to
establish pumped yields and drawdown characteristics) and determine the least cost (capital
and operating) borefield configuration should this project proceed for further investigation.
2.4.10 Carnarvon Artesian Basin Management Plan
The Department of Water’s Carnarvon Artesian Basin Water Management Plan presents an
approach for sharing the Birdrong groundwater resource. The plan is focused on managing the
impacts of groundwater abstraction to maintain any associated environmental and economic
values and sets out how groundwater in the CAB will be managed.
Under this management plan applications for groundwater licences are assessed primarily by
their potential impacts on existing users, and lowering the artesian head of the CAB to existing
users to below pre-rehabilitation project levels requires offsetting.
2.5 Desalination
2.5.1 Desalination technology
A number of proven commercially available technologies are potentially suitable for the
desalination of the available brackish groundwater to meet the requirements of this project,
including:
 Membrane processes:
– Reverse Osmosis (RO)
– Electro-dialysis Reversal (EDR)
 Thermal processes
– Multi Stage Flash Distillation (MSF)
– Multiple-Effect Distillation (MEF)
– Vapour Compression (METC, MVC)
 Ion exchange technology
16 | GHD | Report for Carnarvon Growers Association/Gascoyne Water Co-operative - Carnarvon Artesian Desalination,
61/34615
Thermal processes are typically more energy intensive than the other technologies, although
produce a superior (lower salinity) product water.  They are typically used where low cost
energy (thermal and/or electrical) is available and high purity water is required.  Thermal
processes are not likely to be viable for this project due to the local energy costs.
Ion exchange technology has been used for many years for desalination but typically where
high purity water is required.  RO has displaced ion exchange as the most cost effective
desalination technique for all except high purity water applications.  Ion exchange technologies
would not be cost effective for this project.
Both of the identified membrane processes are technically suitable for the project requirements
and are expected to have similar capital, operating and maintenance costs.  However, RO
technology has become the mainstay of the desalination industry and is readily available from a
large number of manufacturers / vendors.  EDR in contrast, is not as readily available and has
not been adopted as widely.  Consequently, RO desalination technology is proposed for this
project.
2.5.2 Reverse Osmosis Desalination Process
RO is a pressure driven process in which some water passes across a semi-permeable
membrane but dissolved salts do not.  Thus, an RO process has a pressurised feedwater
stream, a permeate (product water) stream with lower salinity than the feed and a reject (brine)
stream with higher salinity than the feed.  Typically, an RO plant comprises a number (typically
6) of RO membranes installed within a pressure vessel, with several pressure vessels
connected in parallel to form a stage.  A high pressure pump feeds water to the stage inlet and
a control valve on the reject stream controls the pressure within the vessels.  The water
recovery (the ratio between permeate and feed flow) is typically about 50-55% for an RO stage
treating brackish groundwater.  The RO stage will typically reject greater than 98% of the salt in
the feed water (i.e. the permeate water salinity will be less than 2% of the feed).
One, two or three stages can be connected in series to achieve higher water recovery.
Commercially available RO membranes have some limitations on feed water including:
 pH range = 2 – 10
 Maximum temperature = 45oC
 Maximum chlorine concentration < 0.1 mg/L
 Maximum turbidity = 1.0 NTU
All RO plants include pre-treatment processes, generally including pH correction (acid or alkali
dosing), filtration (cartridge filter as a minimum, often with preceding media filters), antiscalant
dosing and if residual chlorine may be present, sodium bisulphite dosing.  Depending on the
feed water quality, other processes may be required such as:
 cooling
 softening (removal of calcium and / or magnesium)
 silica removal
 sedimentation (clarification) if there are high levels of suspended solids.
Over time, most RO plants suffer from some fouling due to scaling or accumulation of solids
within the membrane.  This results in an increase in the operating pressure with consequent
increase in energy consumption and often, a decrease in the quality of product water (i.e. more
saline permeate).  Periodic (1-3 times per year) cleaning in place (CIP), in which a chemical
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solution is recirculated through the membranes, is typically undertaken to maintain the RO
system.
Disposal of the reject stream is often a challenge in RO projects.  The disposal option must be
environmentally sustainable and must be cost effective for the particular project.  Options
include:
 Disposal to ocean
 Disposal to a deep groundwater aquifer
 Evaporation
The latter option results in accumulation of solid salts within a pond / dam and does not
represent a final disposal solution.
Figure 2 2-Stage RO schematic
2.6 Product Water Requirements
2.6.1 Town Water Supply
Constructing a new desalinated artesian water supply to become the Water Corporation’s sole
source for the Carnarvon Town Water Supply will require the product water to meet the Water
Corporation’s requirements.  The Water Corporation’s requirements are set out in their Criteria
for Drinking Water Supply, which also references the national Australian Drinking Water
Guidelines and Department of Health’s requirements.
Whilst at times the Carnarvon Town Water Supply is currently supplied water with salinity in
excess of 500 mg/L from the Southern Borefield, the Water Corporation’s policy when
developing a new water source is to plan to provide a maximum of 500mg/L.  In instances when
the new source is desalinated, there is opportunity to provide a lower salinity.  Accordingly, a
product water salinity of 250mg/L is adopted for this study.
Similarly, the Criteria for Drinking Water Supply requires a maximum water temperature of 25
degrees C.  The artesian water supply (45 degrees C) will need to be cooled.
2.6.2 Irrigation Supply
The salinity of the Carnarvon Irrigation Water Supply over the last 5 years has ranged from
400mg/L to 600mg/L.  One of the key crops produced from the Carnarvon Irrigation scheme is
bananas which anecdotally has a salinity threshold of 600mg/L.
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A product water salinity of 500mg/L is adopted for this study for supply to the Carnarvon
Irrigation Water Supply.
2.7 Integration of a Desalinated Artesian Supply
2.7.1 Town Water Supply
Supply from the Southern Borefield is transferred to the Brown Range Ground Tank.  The
Brown Range Ground Tank is at the head of the Carnarvon Town Water Supply distribution
system.
From the Brown Range Ground Tank water gravitates to supply the majority of the Water
Corporation’s customers and is pumped to the Brown Range High Level Tank.  The Brown
Range High Level Tank supplies customers located above the supply limit of the Brown Range
Ground Tank.
It is proposed the new supply would be transferred to the Brown Range Ground Tank for
distribution to the Carnarvon Town Water Supply.
2.7.2 Irrigation Supply
The layout of the irrigation distribution mains are shown in Appendix B.
From a hydraulic perspective the injection point of a new supply such as desalinated artesian
water could be at any point in the irrigation distribution main at an appropriate pipe diameter.
However, to avoid the perception of some members receiving superior water quality it is
preferred that the new supply is injected at a point to maximise mixing with the existing sources,
the Northern Borefield or the Southern Borefield.
It is proposed that the new supply is injected at the Brickhouse Tank site (referred to as
Brickhouse Pump Station in Appendix B) where the two existing unused ground tanks could be
re-commissioned as storage for the product water from the desalination plant. The product
water would then be pumped in the Southern Borefield Collector main to mix with water from the
Southern Borefield prior to distribution to growers. The two tanks have a combined capacity of
13,500 kL (9,000kL plus 4,500kL) and would assist in maintaining supply in the event of short
term desalination plant failures.
2.8 Power Tariff
Horizon Power provides utility power supply at Carnarvon.  The power tariff that applies for
development of a desalinated artesian water supply is dependent on the owner of the facility.
For options where the desalinated artesian water supply is to be used for the Carnarvon Town
Water Supply and owned by the Water Corporation it will attract an N1 Tariff ($6.26/day supply
charge, 57.71 c/unit).
For options where the desalinated artesian water supply is to be used for supply to the
Carnarvon Irrigation Scheme, in which case private ownership is anticipated, an L4 Tariff will
apply ($0.52/ day supply charge, 34c/unit first 1650 units, 30.6c/unit thereafter).
3. Concept Development
3.1 Overview
Following the first stakeholder workshop three concepts were developed as summarised in
Table 3. Option3 was considered to explore the economics of a larger scale supply
aumnetation. These options are presented in more detail in Section 4.
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Table 3 Initial Concepts
Item Option 1 Option 2 Option 3
Description Construct Artesian
Groundwater
Desalination Scheme
for Carnarvon TWS.
1.8GL/yr Public
Water Supply Licence
transferred from
Water Corporation to
GWC including
corresponding SBF
assets
Construct Artesian
Groundwater
Desalination Scheme
for supply into the
existing irrigation
scheme
Construct Artesian
Groundwater
Desalination Scheme
for supply into the
existing irrigation
scheme
Supply Type Peaking Peaking Peaking
Demand
(Peak/Annual)
7.45 ML/d  /  1.8
GL/yr
7.9 ML/d  /  1.8 GL/yr 17.5 ML/d  /  4.0
GL/yr
Desalination Plant
Recovery (2 stage
RO)
72% 73% 73%
Borefield Production 10.3 ML/d  /  2.5
GL/yr
10.8 ML/d  /  2.5
GL/yr
24 ML/d  /  5.5 GL/yr
Reject Volume 2.8 ML/d  /  0.7 GL/yr 2.9 ML/d  /  0.7 GL/yr 6.5 ML/d  /  1.5 GL/yr
Reject Disposal –
Evap Pond Size
51Ha 51Ha 110Ha
At the stakeholder workshop there was a strong preference for reject disposal by evaporation
ponds rather than construction of an ocean outfall. Whilst the Carnarvon climate is conducive to
evaporation, the evaporation rate of saline water is lower than that of fresh water as dissolved
salts reduce the vapour pressure of the solution.  Accordingly, the evaporation ponds required
are large (refer to Table 3).
A 51 Ha lined evaporation pond is estimated to cost $29M. This is a significant cost when
compared against the estimated $10M capital cost of the desalination plant including pre-
treatment.
Importantly, disposal of the saline reject water from the desalination plant is not a salt disposal
option but rather a salt storage option. Salt will be retained in the evaporation pond which will
need to be addressed once the evaporation pond meets the end of its useful life.
Alternative options for disposal of the reject saline water from the desalination plant have been
considered and are detailed below.
3.2 Reject Disposal Options
Alternative options for disposal of the reject water from the desalination process as well as
variations to the evaporation pond option are detailed below.
 Reduce the volume of reject water requiring disposal by enhancing the desalination
treatment process.  This reduces the size of the evaporation pond required.
 Improve evaporation efficiency by mechanical means, thereby reducing the size of the
evaporations ponds.
 Ocean disposal
 Deep well injection.
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 Disposal to Lake MacLeod
3.2.1 Reduce Reject Water Volume
Improving the recovery of the RO plant will reduce the volume of reject water that requires
disposal.  However, as reject volume is reduced, the salinity of the reject increases.
There is a limit to how saline the reject can be, controlled primarily by the nature of the salts in
the feed water.  All salts have a limit of solubility; if the solution concentration of a salt exceeds
the solubility limit, the salt will precipitate out of solution, either as a solid particle or as a scale
on the surface of the membrane.  Precipitation of salts within the membrane will adversely
impact the RO performance and hence, good RO design avoids this scenario.  Thus, the
recovery (ratio of permeate flow to feed flow) of the RO plant is dictated by the feed water
quality.
The injection of an antiscalant chemical into the RO feed will partially reduce the likelihood of
precipitation (scaling) of some salts.  The effectiveness of antiscalants is however limited.
The feed water quality can be modified such that scaling salts are removed in a pre-treatment
step.  Some scaling salts such as silica and hardness (calcium and magnesium) are often
reduced in a pre-treatment softening process prior to an RO plant.  This allows higher recovery
and consequent reduction in reject volume from the RO plant.
A schematic for a 3-stage RO plant with softener pre-treatment is included as Figure 3.
Figure 3 3 Stage RO schematic with softener pre-treatment
3.2.2 Improve evaporation efficiency
Evaporation ponds are often used for the disposal of RO reject.  The size of the pond must be
sufficient to contain the accumulated RO reject as well as rainfall that will be collected in the
pond area.
Typically, the pond will need to be lined with two impermeable layers separated by an interstitial
collection layer, such that any leakage through the top liner can be captured and collected prior
to seeping through the bottom liner to the environment.
Increasing the evaporation rate from the pond will reduce the required size of the pond and
consequently the cost of the pond.  Evaporation rates can be increased by:
 Increasing the water temperature
 Increasing the water surface area.  This could include use of fountains or sprays.
However, care must be taken to prevent saline water drift outside of the pond area from
spray equipment
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 Proprietary evaporative devices.  A number of devices are commercially available (e.g.
WAIV – wind aided intensified evaporation) which utilise materials wetted by recirculating
the reject water and suspended to capture prevailing winds such that evaporation is
increased. Refer to Figure 4
Figure 4 Wind Aided Intensified Evaporation
Options to improve evaporation efficiency have not been considered further as it was beyond
the scope of this study.  Further, it is likely an ocean outfall will be preferable based on cost.
However, increasing evaporation efficiency should be considered if approval cannot be obtained
for other disposal options.
3.2.3 Ocean Disposal
Disposal of the desalination process reject water to the ocean involves construction of a buried
pipe (marine outfall) across the foreshore.  At a point beyond the tidal and surf zones the pipe is
laid on the ocean floor, secured with concrete anchor blocks, extending to a suitable ocean
depth for mixing. At the end of the marine outfall pipe is a diffuser.  The diffuser is a length of
pipe which consists of a number of ports (or nozzles) that inject the water into the seawater to
achieve mixing over a broad area.  Typically, the diffuser at the end of the marine outfall pipe is
sited at a depth of 10m below mean sea level.  To achieve this would require the marine outfall
pipe to extend approximately 7.5km from the foreshore.  This would be expensive and in this
case is considered unnecessary. That is, given the nature of the water being disposed
(desalinated artesian water with salinity lower than seawater), disposal at a shallower depth is
anticipated to be acceptable.  Accordingly, a target depth of 5m below mean sea level has been
adopted.  In this case the marine outfall pipe would need to be approximately 2.2km in length.
The preferred location route for the marine outfall pipe is at Babbage Island located south of
Carnarvon Jetty as shown in Figure 5.  Areas to the south and north are not favourable due to
the coastal topography and distance to suitable depth.
A number of environmental technical studies (e.g. terrestrial and marine environment
characterisation of pipeline route, water and sediment quality, prediction of process reject water
dispersion) together with effective community engagement will be required to obtain approval for
a marine outfall option. Depending on the environmental values of the receiving waters, and
along the alignment of the terrestrial and marine outfall pipelines, the approval timeframe could
range from 1-2 years.
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Figure 5 Marine Outfall Location – Babbage Island
3.2.4 Deep well injection
Deep well injection involves construction of a bore which is used to inject wastewater back into
an aquifer.  The target aquifer is one which is hydraulically separated from fresh aquifers or
aquifers in use or exploitable and whose background water quality is similar to the quality of the
water being disposed of.
The Windalia Radiolarite, which forms part of the CAB, is potentially suitable for injection of the
reject water from the desalination process.  The Windalia Radiolarite is shallower than the
Birdrong Sandstone/Kopke Sandstone aquifers and has a lower artesian head.  Salinity of the
Windalia is reported to be as high as 10,000mg/L (Wills and Dogramaci, 2000).
A review of bore hole logs in the vicinity of Carnarvon show the Windalia Radiolarite to be at a
depth of 200m and indicates the Windalia Radiolarite is hydraulically separated from the
Birdrong Sandstone/Kopke Sandstone aquifers.  However, the aquifer properties of Windalia
Radiolarite are poorly understood.  Whilst this option is not investigated further as part of this
study, it is worthy of further investigation should this project proceed for further investigation.
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3.2.5 Disposal to Lake MacLeod
Lake MacLeod is a natural lake located to the north of Carnarvon, its southern extent is
approximately 30km from Carnarvon.
Lake MacLeod is recognised as being nationally significant and is listed in the Directory of
Important Wetlands in Australia (DIWA) (Department of the Environment and Energy)).  DIWA
recognises Lake MacLeod as ‘an outstanding example of a major coastal lake that is
episodically inundated by fresh water’. The lake is a major migration stop-over and drought
refuge area for shorebirds.
Water salinity in the southern lake is hypersaline to brine.
Direct disposal of the reject water to Lake possible but would require approval from the regulator
(EPA, DER or Department of Water). The quality of the reject water will be relevant to the
approval.  Additional water testing beyond the current limited water quality testing is needed to
understand the potential viability of this option.  As direct disposal to Lake MacLeod would
require a pipeline similar in length to the ocean disposal option this option is not superior and
has not been considered further.  It is worthy of further consideration should stakeholder
approval of an ocean outfall become difficult.
Dampier Salt operates a salt mining operation at Lake Macleod consisting of 1650 hectares of
evaporators.  Disposal of reject water from the desalination plant.to the Dampier Salt’s
operations is a potential option. However, it is unlikely that a commercial agreement could be
negotiated that did not constrain ongoing continuous disposal and hence the viability of this
option.  Further, Dampier Salts operation is over 60km from Carnarvon making it at least twice
the distance of the ocean disposal option and as such, more expensive.  On this basis, this
option has not been considered further
3.3 Conceptual Options Considered
Table 4 below details the options and combinations of disposal options analysed as part of this
study.
Following presentation of the assessment of the peaking options (refer to Table 3), a base load
option as a variation of Option 3 was added to explore the economics of changing the annual
irrigation water use.  A base load supply, supplies the annual volume at a constant rate (other
than shutdown periods for treatment plant maintenance) throughout the year.  Addition of a
base load supply to the irrigation scheme would require irrigators to use a higher percentage of
water in off peak periods.
Table 4 Adopted Conceptual Options
Item Option 1 Option 2 Option 3 Peaking Option 3 Base
Description Construct
Artesian
Groundwater
Desalination
Scheme for
Carnarvon TWS.
Construct
Artesian
Groundwater
Desalination
Scheme for
supply into the
existing irrigation
scheme.
Construct
Artesian
Groundwater
Desalination
Scheme for
supply into the
existing irrigation
scheme
Construct
Artesian
Groundwater
Desalination
Scheme for
supply into the
existing irrigation
scheme
Supply Type Peaking Peaking Peaking Base Load
Demand
(Peak/Annual)
7.45 ML/d  /  1.8
GL/yr
7.9 ML/d  /  1.8
GL/yr
17.5 ML/d  /  4.0
GL/yr
11.9/ 4.0 GL/yr
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Item Option 1 Option 2 Option 3 Peaking Option 3 Base
Marine Outfall
(2 stage RO)
Evaporation
Pond (2 stage
RO)
Evaporation
Pond (3 stage
RO/softener)
4. Artesian Groundwater Desalination
Options
4.1 Overview
Table 5 summarises the options assessed. Outcomes of the assessment of the options are
detailed in the following sections.
Table 5 Options Assessed
Option Assessed Comment RO Process/
Disposal
Method
Option 1 – 1.8GL/yr
Town Water Supply.
Construct a 1.8GL/yr artesian groundwater
desalination supply for the Carnarvon TWS to
be owned and operated by the Water
Corporation. The 1.8GL/yr Public Water
Supply Licence is transferred from Water
Corporation to GWC as an irrigation licence
and GWC increase their take for the
superficial aquifer by 1.8GL/yr
2 Stage RO/
Ocean Disposal
Option 2a – 1.8GL/yr
Irrigation Supply –
Ocean Disposal
Construct a 1.8GL/yr artesian groundwater
desalination plant with peaking capacity for
direct injection into the irrigation scheme.
2 Stage RO/
Ocean Disposal
Option 2b – 1.8GL/yr
Irrigation Supply –
Evaporation Pond
Construct a 1.8GL/yr peaking capacity
artesian groundwater desalination plant for
direct injection into the irrigation scheme
2 Stage RO/
Evaporation
Pond
Option 2c – 1.8GL/yr
Irrigation Supply – 3
stage RO/Softener.
Construct a 1.8GL/yr peaking capacity
artesian groundwater desalination plant with
peaking capacity for direct injection into the
irrigation scheme.  Utilise a 3 stage RO
process to reduce the volume of reject
disposal.
3 stage RO and
softener/
Evaporation
Pond
Option 3 - Peaking –
4GL/yr Irrigation
Supply – Ocean
Disposal
Construct a 4GL/yr artesian groundwater
desalination plant with peaking capacity for
direct injection into the irrigation scheme.
2 Stage RO/
Ocean Disposal
Option 3 Base Load –
4GL/yr Irrigation
Supply
Construct a 4GL/yr base load artesian
groundwater desalination plant for direct
injection into the irrigation scheme
2 Stage RO/
Ocean Disposal
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4.2 Option 1 – 1.8GL/yr Town Water Supply Ocean Disposal
4.2.1 Description
The existing Carnarvon Town Water Supply is sourced from the Southern Borefield.  The
Southern Borefield commences at the Brickhouse Tank Site on Brickhouse Station
approximately 16km east of Carnarvon. The Southern Borefield consists of 42 production bores
and extends from the Brickhouse Tank Site approximately 36km east along the Gascoyne River
on its southern side.
The Southern Borefield and the Carnarvon Town Water Supply is owned and operated by the
Water Corporation.  By agreement, the Water Corporation also supplies irrigation water to the
Carnarvon Irrigation Area.  The Water Corporation is licenced to supply 5GL/yr (non – drought
period) from the Southern Borefield for irrigation and 1.8GL/yr for public water supply, namely
the Carnarvon Town Water Supply.  Annual demands for the Carnarvon Town Water Supply are
currently 1.2GL/yr.
Access to the Southern Borefield and Brickhouse Tank site is lost during periods of flooding of
the Gascoyne River which presents a risk to continuity of supply.
The Southern Borefield collector main is in poor condition and Water Corporation have
commenced a project to replace it.
Option 1 as shown in Figure 6 and schematically in Figure 7 involves the construction of a
1.8GL/yr desalinated artesian water supply sourced from the CAB to replace the existing Town
Water Supply.  The 1.8GL/yr allocation for public water supply from the Southern Borefield
could then be transferred for use for irrigation.
Current demands for Carnarvon are in the order of 1.2GL/yr accordingly, operating costs of the
desalination plant presented in Section 5.3 reflect only 1.2GL/yr of production.  However, the
irrigation demand from the superficial aquifer (Southern Borefield) will increase by 1.8 GL/yr
concurrently with a 1.2GL/yr reduction in public water supply as a result of public water supply
being met desalinated artesian groundwater.  Accordingly, there is a net increase on 0.6GL/yr
from the superficial aquifer and the operating cost of this needs to be accounted for in this
option.
Recent State Government reviews propose a controlled transition of Southern Borefield
irrigation assets to a single entity irrigation provider.  In this event it is proposed that the
Southern Borefield be separated into a separate irrigation borefield and public water supply
borefield.  To achieve this would require the borefield collector mains to be constructed to
replace the existing collector main.  Option 1 would not require the borefield to be separated as
the Southern Borefield would not be required for Town Water Supply.  This represents an
estimated capital saving of $1.7M.
The salinity of water supplied to the Carnarvon Town Water Supply from the Southern Borefield
in recent years has at times exceeded the Water Corporation’s long term target of 500mg/L.
Using the desalinated artesian water for the Town Water Supply would improve the salinity of
the water supply.
For this option it is proposed to locate the borefield and treatment infrastructure within the town
area in compatible land use areas.  This has two benefits.  Firstly, locating the new water source
infrastructure close to Brown Range Tank (the injection point for the Town Water Supply)
minimises pumping costs to transfer the water.  Secondly, the new water source infrastructure
would be at less risk of flooding.
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The site nominated for the desalination plant is in an industrial zoned area and outside of
inundation areas.
Locating the artesian borefield within Carnarvon is likely to impact the artesian head of the
Shire of Carnarvon’s artesian bore (Airport Bore) in excess of allowances in the Carnarvon
Artesian Basin management Plan (refer to Section 2.4.10).  Accordingly, this impact needs to be
offset.  It is proposed that the Airport Bore would be handed over to become part of the artesian
borefield, and that a raw water supply would be provided from the artesian borefield to the Shire
of Carnarvon under agreement.
Preliminary hydrogeological calculations for bore interference and resultant drawdown show that
artesian heads would be lowered locally such that a submersible pump would need to be
installed in the bores.
The key design parameters used for determining infrastructure requirements are detailed in
Table 6.  The design parameters related to the desalination plant are shown in the treatment
schematic in Figure 8.
Table 6 Option 1 – Design parameters
Item Value Comment
Delivered Water
Annual Capacity 1.8GL/yr - TWS Treated water supply.
4.93ML/d annual average.
0.5GL/yr – Shire of Carnarvon Raw water supply.
Peak Demand 7.45ML/d – TWS Peak factor of 1.51.  Caters
for long term growth in
Carnarvon.
2.74 ML/d – Shire of
Carnarvon
Raw water supply.  Peak
factor of 2.
Desalination plant recovery 72% RO plant 76% recovery.  Pre-
treatment 95% recovery.
Target WQ parameters 250mg/L Salinity
25 deg C
Refer to Section 2.6.
Source Production
Artesian Borefield Supply -
Annual
2.5GL/yr
0.5GL/yr
3.0GL/yr
Supply to Desal. Plant.
Raw supply to SoC.
Total..
Artesian Borefield Supply -
Peak
10.3ML/d
2.74ML/d
13.0ML/d
Supply to Desal. Plant
Raw supply to SoC
Total
Bores 5 Production bores
1 standby bore
Including the airport bore.
Bore Capacity 2.9ML/d – new bore
1.5ML/d – Airport bore
4 bores at 2.9ML/d plus
1.5ML/d from the airport bore
provides 13.0ML/d.  Airport
bore is DN150 which limits
pump size to 1.5ML/d.
Bore drawdown 70m 50m AHD artesian head
minus 70m drawdown gives
pumping level of -20m AHD.
Raw water quality 4000mg/L Salinity
45 deg C
Refer to Section 2.4.5
Refer to Section 2.4.4
Desalination Plant Reject Water
Reject Disposal 0.7GL/yr
2.95ML/d Peak
GHD | Report for Carnarvon Growers Association/Gascoyne Water Co-operative - Carnarvon Artesian Desalination,
61/34615 | 29
Item Value Comment
Reject Water Quality 14,000mg/L Salinity
Figure 8 Option 1 Treatment Schematic
4.2.2 Infrastructure Requirements
The infrastructure requirements are detailed in Table 7.  Refer to Section 5 for summary capital
and operating cost estimates.
Table 7 Option 1 – Infrastructure Requirements
Item Detail Comment
Borefield
Bores 5 production bores DN250 630m deep
Bore M&E 5 submersible pumps 33L/s at 40m
head – 20kW
1 submersible pump for airport bore
17L/S at 40m head – 10kW
6 x borehole equipment, bore
headworks, cubicle, SCADA and
electrical connection
Pumps compatible with high
salinity high temperature
application
Borefield
Collector Main
DN400 PE100 PN20 – 2,600m
DN355 PE100 PN20 – 860m
DN280 PE100 PN20 – 800m
DN225 PE100 PN20 – 1,040m
PN20 pressure class pipe
adopted to account for de-
rating of pressure class for
high temperature
Treatment Plant
Pre-treatment Cooling tower
Cartridge filtration
Cartridge filtration adopted to
protect RO membranes from
particulates in raw water,
potentially passing through
bore screens.
Desalination Reverse Osmosis desalination plant
8 x 40 foot sea containers
Pre-packaged units including
membranes, pipework and
M&E.
Post treatment Chlorination and stabilisation Make water suitable for
public drinking water supply
Other 3 x 50kL tanks
Plant pipework
Electrical supply
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Item Detail Comment
Treated Water Transfer
Pump Station 86L/s at 16m head – 19kW Adopted 1 duty/ 1 standby
pump arrangement
Transfer Main DN400 PE100 PN12.5 – 2,600m PN12.5 pressure class
adopted to comply with
Water Corporation standard
Reject Disposal
Pump Station 33L/s at 23m head – 11kW Adopted 1 duty/ 1 standby
pump arrangement
Transfer Main –
land component
DN280 PE100 PN12.5 – 7,400m PN12.5 pressure class
adopted to comply with
Water Corporation standard
Transfer Main –
marine
component
DN225 PE PE100 PN12.5 – 2,200m Includes 200m diffuser
section
4.3 Option 2a – 1.8GL/yr Irrigation Supply – Ocean Disposal
4.3.1 Description
Option 2a as shown in Figure 9 and schematically in Figure 10 involves the construction of a
1.8GL/yr desalinated artesian water supply sourced from the CAB and supplied directly into the
existing irrigation distribution system for irrigation supply. It is proposed the desalination plant
is located adjacent to the proposed injection point to the irrigation scheme (refer to Section
2.7.2) adjacent to the Brickhouse Tank Site.  Locating the artesian borefield nearby and
following the existing Southern Borefield minimises costs of transferring raw water and injecting
product water. Disposal of the reject water from the desalination process is to the ocean by
means of a marine outfall.
Preliminary hydrogeological calculations for bore interference and resultant drawdown show that
artesian heads would be lowered locally such that a submersible pump would need to be
installed in the bores. The impact on the Shire of Carnarvon’s Airport Bore (16km from the
proposed artesian borefield) is expected to be minimal and within the allowances of the
Carnarvon Artesian Borefield Management Plan.  However, the MRWA bore located only 4km
from the proposed artesian borefield would be impacted.  It is understood the MRWA bore is
only used when needed for road construction use.  This impact is proposed to be offset.by
provision of a submersible bore and diesel generator set.
The proposed route of the ocean disposal main follows the existing Southern Borefield Mains
from the Brickhouse Tank Site and then along North West Coastal Highway, Robinson Street
and Babbage Island Drive.
The key design parameters used for determining infrastructure requirements are detailed in
Table 8.  The design parameters related to the desalination plant are shown in the treatment
schematic in Figure 11.
Table 8 Option 2a – Design parameters
Item Value Comment
Delivered Water
Annual Capacity 1.8GL/yr Treated water supply.
4.93ML/d annual average.
Peak Demand 7.9ML/d Peak factor of 1.6.
Desalination plant recovery 73% RO plant 77% recovery.  Pre-
treatment 95% recovery.
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Item Value Comment
Target WQ parameters 500mg/L Salinity
25 deg C
Refer to Section 2.6.
Source Production
Artesian Borefield Supply -
Annual
2.46GL/yr Supply to Desal. Plant.
Artesian Borefield Supply -
Peak
10.8ML/d Supply to Desal. Plant
Bores 3 Production bores
No standby bore
Refer to Section 2.3.1
Bore Capacity 3.6ML/d – new bore
Bore drawdown 68m 50m AHD artesian head
minus 68m drawdown gives
pumping level of -18m AHD.
Raw water quality 4000mg/L Salinity
45 deg C
Refer to Section 2.4.5
Refer to Section 2.4.4
Desalination Plant Reject Water
Reject Disposal 0.66GL/yr
2.9ML/d Peak
Reject Water Quality 13,900mg/L Salinity
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Figure 11 Option 2a Treatment Schematic
4.3.2 Infrastructure Requirements
The infrastructure requirements are detailed in Table 9.  Refer to Section 5 for summary capital
and operating cost estimates.
Table 9 Option 2a – Infrastructure Requirements
Item Detail Comment
Borefield
Bores 3 production bores DN250 630m deep
Bore M&E 3 submersible pumps 42L/s at 43m
head – 26kW
1 submersible pump and diesel
generator set for MRWA Bore
3 x borehole equipment, bore
headworks, cubicle, SCADA and
electrical connection
3 x bore pump cubicle platforms
Pumps compatible with high
salinity high temperature
application
Borefield
Collector Main
DN500 PE100 PN20 – 800m
DN400 PE100 PN20 – 800m
DN315 PE100 PN20 – 800m
PN20 pressure class pipe
adopted to account for de-
rating of pressure class for
high temperature
Treatment Plant
Pre-treatment Cooling tower
Cartridge filtration
Cartridge filtration adopted to
protect RO membranes from
particulates in raw water,
potentially passing through
bore screens.
Desalination 2 stage Reverse Osmosis desalination
plant
8 x 40 foot sea containers
Pre-packaged units including
membranes, pipework and
M&E.
Post treatment Nil Post treatment not required
for irrigation supply.  Product
water is blended with
Southern Borefield water.
Other 3 x 50kL tanks
Plant pipework
Electrical supply
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Item Detail Comment
Treated Water Transfer
Pump Station 91L/s at 12m head – 16kW Adopted 1 duty/ 1 standby
pump arrangement
Transfer Main DN355 PE100 PN8 – 400m
Reject Disposal
Pump Station 35L/s at 42m head – 20kW Adopted 1 duty/ 1 standby
pump arrangement
Transfer Main –
land component
DN280 PE100 PN12.5 – 20,500m
Transfer Main –
marine
component
DN225 PE PE100 PN12.5 – 2,200m Includes 200m diffuser
section
4.4 Option 2b – 1.8GL/yr Irrigation Supply – Evaporation Disposal
4.4.1 Description
Option 2b as shown in Figure 12 and schematically in Figure 13 involves the construction of a
1.8GL/yr desalinated artesian water supply sourced from the CAB and supplied directly into the
existing irrigation distribution system for irrigation supply.
The borefield, desalination plant and integration components of this option are identical to
Option 2a (refer to Section 4.3) except that disposal of the reject water from the desalination
process is by evaporation from an evaporation pond system rather than by means of a marine
outfall.
The assumed location for the evaporation pond, shown on Figure 12, is in a flood protected
area that is zoned rural.
The key design parameters used for determining infrastructure requirements are detailed in
Table 10.  The design parameters related to the desalination plant are shown in the treatment
schematic in Figure 13.
Table 10 Option 2b – Design parameters
Item Value Comment
Delivered Water
Annual Capacity 1.8GL/yr Treated water supply.
4.93ML/d annual average.
Peak Demand 7.9ML/d Peak factor of 1.6.
Desalination plant recovery 73% RO plant 77% recovery.  Pre-
treatment 95% recovery.
Target WQ parameters 500mg/L Salinity
25 deg C
Refer to Section 2.6.
Source Production
Artesian Borefield Supply -
Annual
2.46GL/yr Supply to Desal. Plant.
Artesian Borefield Supply -
Peak
10.8ML/d Supply to Desal. Plant
Bores 3 Production bores
No standby bore
Refer to Section 2.3.1
Bore Capacity 3.6ML/d – new bore
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Item Value Comment
Bore drawdown 68m 50m AHD artesian head
minus 68m drawdown gives
pumping level of -18m AHD.
Raw water quality 4,000mg/L Salinity
45 deg C
Refer to Section 2.4.5
Refer to Section 2.4.4
Desalination Plant Reject Water
Reject Disposal 0.66GL/yr
2.9ML/d Peak
Reject Water Quality 13,900mg/L Salinity
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Figure 14 Option 2b Treatment Schematic
4.4.2 Infrastructure Requirements
The infrastructure requirements are detailed in Table 11.  Refer to Section 5 for summary capital
and operating cost estimates.
Table 11 Option 2b – Infrastructure Requirements
Item Detail Comment
Borefield
Bores 3 production bores DN250 630m deep
Bore M&E 3 submersible pumps 42L/s at 43m
head – 26kW
1 submersible pump and diesel
generator set for MRWA Bore
3 x borehole equipment, bore
headworks, cubicle, SCADA and
electrical connection
3 x bore pump cubicle platforms
Pumps compatible with high
salinity high temperature
application
Borefield
Collector Main
DN500 PE100 PN20 – 800m
DN400 PE100 PN20 – 800m
DN315 PE100 PN20 – 800m
PN20 pressure class pipe
adopted to account for de-
rating of pressure class for
high temperature
Treatment Plant
Pre-treatment Cooling tower
Cartridge filtration
Cartridge filtration adopted to
protect RO membranes from
particulates in raw water,
potentially passing through
bore screens.
Desalination 2 stage Reverse Osmosis desalination
plant
8 x 40 foot sea containers
Pre-packaged units including
membranes, pipework and
M&E.
Post treatment Nil Post treatment not required
for irrigation supply.  Product
water is blended with
Southern Borefield water.
Other 3 x 50kL tanks
Plant pipework
Electrical supply
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Item Detail Comment
Treated Water Transfer
Pump Station 91L/s at 12m head – 16kW Adopted 1 duty/ 1 standby
pump arrangement
Transfer Main DN355 PE100 PN8 – 400m
Reject Disposal
Pump Station 35L/s at 21m head – 10kW Adopted 1 duty/ 1 standby
pump arrangement
Transfer Main DN250 PE100 PN8– 10,000m
Evaporation Pond 3 ponds, total area surface area 51Ha Lined with 2 impermeable
liners
4.5 Option 2c – 1.8GL/yr Irrigation Supply – 3 stage RO/Softener
4.5.1 Description
Option 2c as shown in Figure 15 and schematically in Figure 16 involves the construction of a
1.8GL/yr desalinated artesian water supply sourced from the CAB and supplied directly into the
existing irrigation distribution system for irrigation supply.
This option is similar to Option 2b in that disposal of the reject water is by means of evaporation
ponds. Option 2C differs in that an additional stage is added to the reverse osmosis plant (3
stages instead of 2).  This necessitates the addition of a softener as part of the pre-treatment to
protect the reverse osmosis membranes from scaling. A 3 stage reverse osmosis desalination
plant increases the recovery rate thereby reducing the volume of reject water requiring disposal
and hence the size of the evaporation ponds.  An additional benefit of the increased recovery
rate is the reduction of source water required to achieve the same volume of product water.
The key design parameters used for determining infrastructure requirements are detailed in
Table 12.  The design parameters related to the desalination plant are shown in the treatment
schematic in Figure 17.
Table 12 Option 2c – Design parameters
Item Value Comment
Delivered Water
Annual Capacity 1.8GL/yr Treated water supply.
4.93ML/d annual average.
Peak Demand 7.9ML/d Peak factor of 1.6.
Desalination plant recovery 86% RO plant 77% recovery.  Pre-
treatment 95% recovery.
Target WQ parameters 500mg/L Salinity
25 deg C
Refer to Section 2.6.
Source Production
Artesian Borefield Supply -
Annual
2.1GL/yr Supply to Desal. Plant.
Artesian Borefield Supply -
Peak
9.15ML/d Supply to Desal. Plant
Bores 3 Production bores
No standby bore
Refer to Section 2.3.1
Bore Capacity 3.1ML/d – new bore
Bore drawdown 68m 50m AHD artesian head
minus 68m drawdown gives
pumping level of -18m AHD.
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Item Value Comment
Raw water quality 4,000mg/L Salinity
45 deg C
Refer to Section 2.4.5
Refer to Section 2.4.4
Desalination Plant Reject Water
Reject Disposal 0.3GL/yr
1.25ML/d Peak
Reject Water Quality 25,000mg/L Salinity
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Figure 17 Option 2c Treatment Schematic
4.5.2 Infrastructure Requirements
The infrastructure requirements are detailed in Table 13.  Refer to Section 5 for summary capital
and operating cost estimates.
Table 13 Option 2c – Infrastructure Requirements
Item Detail Comment
Borefield
Bores 3 production bores DN250 630m deep
Bore M&E 3 submersible pumps 35L/s at 43m
head – 22kW
1 submersible pump and diesel
generator set for MRWA Bore
3 x borehole equipment, bore
headworks, cubicle, SCADA and
electrical connection
3 x bore pump cubicle platforms
Pumps compatible with high
salinity high temperature
application
Borefield
Collector Main
DN450 PE100 PN20 – 800m
DN400 PE100 PN20 – 800m
DN315 PE100 PN20 – 800m
PN20 pressure class pipe
adopted to account for de-
rating of pressure class for
high temperature
Treatment Plant
Pre-treatment Cooling tower
Cartridge filtration
Softening plant
Cartridge filtration adopted to
protect RO membranes from
particulates in raw water,
potentially passing through
bore screens.
Desalination 3 stage RO Reverse Osmosis
desalination plant
Pre-packaged units including
membranes, pipework and
M&E.
Post treatment Nil Post treatment not required
for irrigation supply.  Product
water is blended with
Southern Borefield water.
Other 3 x 50kL tanks
Plant pipework
Electrical supply
Treated Water Transfer
Pump Station 91L/s at 12m head – 16kW Adopted 1 duty/ 1 standby
pump arrangement
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Item Detail Comment
Transfer Main DN355 PE100 PN8 – 400m
Reject Disposal
Pump Station Nil Gravity flow to evaporation
pond pump arrangement
Transfer Main DN250 PE100 PN8– 10,000m
Evaporation Pond 3 ponds, total area surface area 26Ha Lined with 2 impermeable
liners
4.6 Option 3 Peaking – 4GL/yr Irrigation Supply – Ocean Disposal
4.6.1 Description
Option 3 Peaking as shown in Figure 18 and schematically in Figure 19 involves the
construction of a 4GL/yr desalinated artesian water supply sourced from the CAB and supplied
directly into the existing irrigation distribution system for irrigation supply.  Disposal of the reject
water from the desalination process is to the ocean by means of a marine outfall.  This option is
similar to Option 2a, the difference being the increase in capacity to 4GL/yr from 1.8GL/yr.
Like the previous options, Option 3 Peaking provides a peaking supply and not a base load
supply.
Preliminary hydrogeological calculations for bore interference and resultant drawdown show that
artesian heads would be lowered locally such that a submersible pump would need to be
installed in the bores.  The impact on the Shire of Carnarvon’s Airport Bore (16km from the
proposed artesian borefield) is expected to be minimal and within the allowances of the
Carnarvon Artesian Borefield Management Plan.  However, the MRWA bore located only 4km
from the proposed artesian borefield would be impacted.  It is understood the MRWA bore is
only used when needed for road construction use.  This impact is proposed to be offset by
provision of a submersible bore and diesel generator set.
The proposed route of the ocean disposal main follows the existing Southern Borefield Mains
from the Brickhouse Tank Site and then along North West Coastal Highway, Robinson Street
and Babbage Island Drive.
The key design parameters used for determining infrastructure requirements are detailed in
Table 14.  The design parameters related to the desalination plant are shown in the treatment
schematic in Figure 20.
Table 14 Option 3 Peaking – Design parameters
Item Value Comment
Delivered Water
Annual Capacity 4GL/yr Treated water supply.
11.0ML/d annual average.
Peak Demand 17.5ML/d Peak factor of 1.6.
Desalination plant recovery 73% RO plant 77% recovery.  Pre-
treatment 95% recovery.
Target WQ parameters 500mg/L Salinity
25 deg C
Refer to Section 2.6.
Source Production
Artesian Borefield Supply -
Annual
5.5GL/yr Supply to Desal. Plant.
Artesian Borefield Supply -
Peak
24ML/d Supply to Desal. Plant
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Item Value Comment
Bores 7 Production bores
No standby bore
Refer to Section 2.3.1
Bore Capacity 3.4ML/d – new bore
Bore drawdown 106m 50m AHD artesian head
minus 106m drawdown gives
pumping level of -56m AHD.
Raw water quality 4,000mg/L Salinity
45 deg C
Refer to Section 2.4.5
Refer to Section 2.4.4
Desalination Plant Reject Water
Reject Disposal 1.5GL/yr
6.4ML/d Peak
Reject Water Quality 13,900mg/L Salinity
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Figure 20 Option 3 Peaking Treatment Schematic
4.6.2 Infrastructure Requirements
The infrastructure requirements are detailed in Table 15.  Refer to Section 5 for summary capital
and operating cost estimates.
Table 15 Option 3 Peaking – Infrastructure Requirements
Item Detail Comment
Borefield
Bores 7 production bores DN250 630m deep
Bore M&E 7 submersible pumps 40L/s at 87m
head – 51kW
1 submersible pump and diesel
generator set for MRWA Bore
7 x borehole equipment, bore
headworks, cubicle, SCADA and
electrical connection
7 x bore pump cubicle platforms
Pumps compatible with high
salinity high temperature
application
Borefield
Collector Main
DN630 PE100 PN20 – 1600m
DN560 PE100 PN20 – 1600m
DN500 PE100 PN20 – 800m
DN400 PE100 PN20 – 800m
DN315 PE100 PN20 – 800m
PN20 pressure class pipe
adopted to account for de-
rating of pressure class for
high temperature
Treatment Plant
Pre-treatment Cooling tower
Cartridge filtration
Cartridge filtration adopted to
protect RO membranes from
particulates in raw water,
potentially passing through
bore screens.
Desalination 2 stage Reverse Osmosis desalination
plant
Pre-packaged units including
membranes, pipework and
M&E.
Post treatment Nil Post treatment not required
for irrigation supply.  Product
water is blended with
Southern Borefield water.
Other 3 x 100kL tanks
Plant pipework
Electrical supply
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Item Detail Comment
Treated Water Transfer
Pump Station 203L/s at 18m head – 51kW Adopted 1 duty/ 1 standby
pump arrangement
Transfer Main DN500 PE100 PN8 – 400m
Reject Disposal
Pump Station 74L/s at 50m head – 52kW Adopted 1 duty/ 1 standby
pump arrangement
Transfer Main –
land component
DN355 PE100 PN12.5 – 20,500m
Transfer Main –
marine
component
DN315 PE PE100 PN12.5 – 2,200m Includes 200m diffuser
section
4.7 Option 3 Base Load – 4GL/yr Irrigation Supply – Ocean
Disposal
4.7.1 Description
Option 3 Base Load as shown in Figure 21 and schematically in Figure 22 involves the
construction of a 4GL/yr desalinated artesian water supply sourced from the CAB and supplied
directly into the existing irrigation distribution system for irrigation supply.  Disposal of the reject
water from the desalination process is to the ocean by means of a marine outfall.
This option is similar to Option 3 Peaking, the difference being Option 3 Base Load is sized to
supply the 4GL/yr at a constant rate of 11.4ML/d.  Accordingly, the size of infrastructure
required for a base load supply is lower than for a peaking supply.  A base load supply will
require the annual water use pattern to change, shifting to more use outside of the traditional
peak period in percentage terms.
The key design parameters used for determining infrastructure requirements are detailed in
Table 16.  The design parameters related to the desalination plant are shown in the treatment
schematic in Figure 23.
Table 16 Option 3 Base Load – Design parameters
Item Value Comment
Delivered Water
Annual Capacity 4GL/yr Treated water supply.
11.0ML/d annual average.
Peak Demand 11.9ML/d Peak factor of 1.08. 48 weeks
of operation.
Desalination plant recovery 73% RO plant 77% recovery.  Pre-
treatment 95% recovery.
Target WQ parameters 500mg/L Salinity
25 deg C
Refer to Section 2.6.
Source Production
Artesian Borefield Supply -
Annual
5.5GL/yr Supply to Desal. Plant.
Artesian Borefield Supply -
Peak
16.2ML/d Supply to Desal. Plant
Bores 5 Production bores
No standby bore
Refer to Section 2.3.1
Bore Capacity 3.25ML/d – new bore
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Item Value Comment
Bore drawdown 70m 50m AHD artesian head
minus 70m drawdown gives
pumping level of -20m AHD.
Raw water quality 4,000mg/L Salinity
45 deg C
Refer to Section 2.4.5
Refer to Section 2.4.4
Desalination Plant Reject Water
Reject Disposal 1.5GL/yr
4.3ML/d Peak
Reject Water Quality 13,900mg/L Salinity
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Figure 23 Option 3 Base Load Treatment Schematic
4.7.2 Infrastructure Requirements
The infrastructure requirements are detailed in Table 17.  Refer to Section 5 for summary capital
and operating cost estimates.
Table 17 Option 3 Base Load – Infrastructure Requirements
Item Detail Comment
Borefield
Bores 5 production bores DN250 630m deep
Bore M&E 5 submersible pumps 38L/s at 49m
head – 27kW
1 submersible pump and diesel
generator set for MRWA Bore
5 x borehole equipment, bore
headworks, cubicle, SCADA and
electrical connection
5 x bore pump cubicle platforms
Pumps compatible with high
salinity high temperature
application
Borefield
Collector Main
DN560 PE100 PN20 – 800m
DN500 PE100 PN20 – 800m
DN450 PE100 PN20 – 800m
DN400 PE100 PN20 – 800m
DN315 PE100 PN20 – 800m
PN20 pressure class pipe
adopted to account for de-
rating of pressure class for
high temperature
Treatment Plant
Pre-treatment Cooling tower
Cartridge filtration
Cartridge filtration adopted to
protect RO membranes from
particulates in raw water,
potentially passing through
bore screens.
Desalination 2 stage Reverse Osmosis desalination
plant
Pre-packaged units including
membranes, pipework and
M&E.
Post treatment Nil Post treatment not required
for irrigation supply.  Product
water is blended with
Southern Borefield water.
Other 3 x 50kL tanks
Plant pipework
Electrical supply
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Item Detail Comment
Treated Water Transfer
Pump Station 137L/s at 16m head – 32kW Adopted 1 duty/ 1 standby
pump arrangement
Transfer Main DN400 PE100 PN8 – 400m
Reject Disposal
Pump Station 51L/s at 43m head – 30kW Adopted 1 duty/ 1 standby
pump arrangement
Transfer Main –
land component
DN315 PE100 PN12.5 – 20,500m
Transfer Main –
marine
component
DN280 PE100 PN12.5 – 2,200m Includes 200m diffuser
section
5. Cost Estimates
5.1 Basis of Estimate
The estimates incorporated within this report have an estimated accuracy of ±30% accuracy
only, and were developed on the following basis:
 Where appropriate a location factor of 1.4 has been used.
 Capital cost estimates include an allowance of 15% for project non-direct costs (project
and contract management, engineering and approvals).
 Capital cost estimates include an allowance of 20% x material and labour costs for
Contractor’s preliminaries and overheads..
 Capital estimates include a 30% Contingency. The contingency does not relate to a
market rate.  The contingency relates to the accuracy of design information available or,
“known unknowns”.  As more information becomes available and more engineering effort
is applied, the certainty increases and the contingency is reduced.
Estimating rates were based on vendor pricing for the following.
 Drilling and testing of DN250 630m deep artesian bores.
 Borehole M&E.
 Pipe supply rates. Pipe laying rates developed for the Carnarvon Irrigation Review -
Governance Review – Documentation of Base Case (GHD, June 2016) were used.
 Reverse osmosis plant, cooling towers and pre-treatment filtration.
 Trenchless drilling for marine outfall.
 PE liner and installation costs.
 Unit cost for power based on verbal advice from Horizon Power.
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5.2 Capex Estimate
The estimated capital costs for the options assessed are detailed in Table 18.  All figures are in $M.
Table 18 Capital Cost Estimate ($M)
Item Option 1 – 1.8GL/yr
Town Water Supply
Ocean Disposal l
Option 2a –
1.8GL/yr Irrigation
Supply – Ocean
Disposal
Option 2b –
1.8GL/yr Irrigation
Supply –
Evaporation
Disposal
Option 2c –
1.8GL/yr Irrigation
Supply – 3 stage
RO/Softener
Option 3 Peaking –
4GL/yr Irrigation
Supply – Ocean
Disposal
Option 3 Base Load
– 4GL/yr Irrigation
Supply – Ocean
Disposal
Borefield 9.8 6.1 6.1 6.0 15.6 10.7
Desalination Plant 9.1 8.3 8.3 14.5 16.2 12.1
Treated water
transfer
1.2 0.5 0.5 0.5 1.0 0.7
Power Supply 2.2 2.2 2.2 2.3 4.8 3.1
Reject Transfer 1.6 4.2 1.6 1.3 5.8 5.3
Reject Disposal –
Evaporation
- - 29.3 15.3 - -
Reject Disposal -
Ocean
3.5 3.5 - - 3.9 3.8
TOTAL 27.4 24.8 48.0 40.0 47.4 35.5
Detailed Capex
Breakdown
Appendix C Appendix D Appendix E Appendix F Appendix G Appendix H
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For the options incorporating ocean disposal, the borefield component represents 25% to 36% of the total capital cost.  The capital costs for the borefield
component are the least accurate as the aquifer properties are poorly understood.  The number of bores required could reduce if the bore yield achievable is
higher than that assumed.  This would reduce the capital cost of the options.
5.3 Opex Estimate
The estimated operating costs for the options assessed are detailed in Table 19.  All figures are in $M.
Table 19 Operating and Maintenance Cost Estimate ($M)
Item Option 1 – 1.8GL/yr
Town Water Supply
Ocean Disposal
Option 2a –
1.8GL/yr Irrigation
Supply – Ocean
Disposal
Option 2b –
1.8GL/yr Irrigation
Supply –
Evaporation
Disposal
Option 2c –
1.8GL/yr Irrigation
Supply – 3 stage
RO/Softener
Option 3 Peaking –
4GL/yr Irrigation
Supply – Ocean
Disposal
Option 3 Base Load
– 4GL/yr Irrigation
Supply – Ocean
Disposal
Borefield 0.28 0.18 0.18 0.18 0.73 0.42
Desalination Plant 1.34 1.25 1.25 1.47 2.20 2.2
Treated water
transfer
0.05 0.03 0.03 0.03 0.1 0.09
Reject Disposal 0.09 0.09 0.17 0.08 0.16 0.14
Cost to supply
additional scheme
water to irrigators
0.19
TOTAL 1.95 1.55 1.63 1.76 3.20 2.86
c/kL 108.3 86.0 90.5 97.9 80.1 71.5
Detailed Opex
Break
Appendix C Appendix D Appendix E Appendix F Appendix G Appendix H
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6. Benefit Cost Analysis
6.1 Introduction
This chapter provides an analysis of the benefits and costs of the options outlined above. The
approach undertaken uses benefit-cost analysis (BCA), which in part, can be used as the basis
for selection of the preferred options. The approach adopted in this analysis is consistent with
the Evaluation Guide produced by the Department of Treasury, Western Australia (2015).
The analysis provides an economic evaluation of the societal costs and benefits likely to be
accrued as a result of each option. Each option is compared to the status quo (no investment
scenario) to determine the marginal impacts.
6.1.1 BCA application
BCA is a method used to identify and value all benefits and costs involved in the allocation
process. It aims to determine a resource allocation leading to an improvement in community
welfare. The benefits are reflected in a community’s willingness to pay and the costs are
reflected in the opportunity cost of production (i.e. value of the next best alternative foregone). A
BCA is commonly used to appraise projects to see if they are economically worthwhile, that is if
the project provides an economically efficient use of resources.
Decision Rules
The decision rules most commonly used in BCA to test the economic justification of a project
are the net present value (NPV) and the benefit cost ratio (BCR), which is the present value of
the benefits divided by the present value of the costs.
A project is deemed economically worthwhile if the NPV is positive (i.e., the present value of the
benefits of the project exceeds the present value of the costs). Alternatively, a project is
economically worthwhile if the BCR is greater than 1.
Quantifying costs and benefits
Within a BCA, some benefits and costs are more easily quantified than others. Market values
have been used where markets exist and therefore values can easily be quantified. The
situation is more difficult for environmental and social costs and benefits because markets rarely
exist, and indicative values for these costs and benefits must be estimated. Benefit transfer is
an approach that can be used to provide an estimate of non-market values. Where possible, the
BCA aims to quantify the market and non-market costs and benefits of each option.
Discounting
Discounting is used to stream future costs and benefits for each option to a present value using
a discount factor based on an estimate of the social cost of capital. The cash flows for each
option were projected over a 20-year time period. As the cash flows over this 20-year time
period differed for each option they were discounted back to a present value (2017 dollars)
using a real discount rate of 7% to enable a systematic comparison of the scheme options.
Sensitivity analysis was carried out to investigate the effects of adjusting the:
 discount rate to 5% and 9%
 production gross margins to $1,000, $1,500, $2,000, $ 3,000 and $4,000
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6.1.2 Scheme options
As outlined in Section 4 above, a total of six options were assessed, with the individual options
differentiated by scheme capacities, brine disposal methods and/or water uses. A summary of
the costs and benefits for each option is provided in Table 20 below.
Table 20 Summary of marginal costs and benefits
Costs Benefits
Option 1  Initial capital expenditure
 Annual operating
expenditure of
desalinated artesian
supply to Carnarvon
TWS
 Cost to supply additional
0.6GL of scheme water
to irrigators in addition to
the 1.2GL normally
supplied from the
scheme to the TWS but
now transferred to the
irrigation scheme
 Net value of additional horticultural
production from additional 1.8GL
irrigation water supply
 Improved water quality in town supply
 Avoided cost to separate Southern
Borefield
Option 2a, b
and c
 Initial capital expenditure
 Annual operating
expenditure of
desalinated artesian
supply to the irrigation
scheme
 Net value of additional horticultural
production from additional 1.8GL
irrigation water supply
Option 3
Peaking
 Initial capital expenditure
 Annual operating
expenditure of
desalinated artesian
supply to the irrigation
scheme
 Net value of additional horticultural
production from additional 4 GL irrigation
water supply (including peaking capacity)
Option 3
Base Load
 Initial capital expenditure
 Annual operating
expenditure of
desalinated artesian
supply to the irrigation
scheme
 Net value of additional horticultural
production from additional 4 GL irrigation
water supply (without peaking capacity)
6.2 Data inputs and assumptions
6.2.1 Costs
Costs associated with each option included capital and operating costs outlined in section 5
above. Capital costs were assumed to occur in year 1, with operating costs being incurred from
years 2 through to 20.
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It was beyond the scope of this study to attempt to quantify any potential environmental or social
costs associated with the various options.
6.2.2 Benefits
This section outlines the assumptions used to quantify various benefits valued in the analysis.
Additional horticultural production (all options)
The supply of additional irrigation water to the Carnarvon Horticultural District will enable
additional horticultural production. Availability of water is a key restraint to production in the
region, particularly during peak demand periods.
Of the existing 2,000Ha of horticultural land in the region, it is estimated that 400Ha is currently
not in production and an additional 200Ha is being underutilised (GDC 2013). It is therefore
reasonable to assume that additional water could be supplied and utilised within existing
properties, without the need for additional on-farm capital expenditure on irrigation
infrastructure, machinery, packing facilities or other farm improvements. Therefore, the
economic benefit derived from additional horticultural production will be equal to the gross
margin of production (gross income minus variable costs of production).
Production gross margins in Carnarvon are likely to vary significantly between farm enterprises
due to different scales of production, quality, crop type and labour costs. Many farms rely on
family labour which is often not fully costed by producers. As a result, there is limited published
data around production gross margins in the Carnarvon region.
Hoffmann, Phillips and Paulin (2005) quoted a gross margin of $1,359 per ML of water. This
estimate was attributed to data provided to the authors by the WA Department of Agriculture
and Food for a mixture of vegetable crops. After accounting for CPI increases, a gross margin of
$1,871 per ML was used to estimate the likely current benefits from additional horticultural
production (Table 21).
Table 21 Benefit from additional horticultural production
Option 1 Option 2 (a,b,c) Option 3 (a,b)
Additional water supplied (ML) 1,800 1,800 4,000
Production gross margin ($/ML) $1,871 $1,871 $1,871
Additional annual benefit ($M) $3.37 $3.37 $7.48
Note that irrigation water provided through Option 3a (and also Options 1, 2a, 2b and 2c) could
be provided during peak periods, compared to the baseload water provided through Option 3b
which would be available at a constant rate year round.  Therefore, it is likely that the marginal
value of water provide through Option 3a would be higher than Option 3b. For simplicity, this
analysis has applied the single production gross margin estimate ($1,359/ML) to both scenarios,
with this assumption tested in the sensitivity analysis (Section 6.3.1 below).
Improved water quality (option 1)
Option 1 will supply 1.2GL of drinking water to the town supply, with salinity levels of 250mg/L
TDS. This water will replace existing scheme water which has salinity levels of around 600mg/L
TDS. The net result would be an overall reduction in salinity levels, across the 5GL town water
supply from 600mg/L to around 516mg/L TDS.
The current salinity level of scheme water is suitable for irrigation purposes, however is slightly
higher than is preferable for drinking water.
The Australian Drinking Water Guidelines (2011) states that: No specific health guideline value
is provided for total dissolved solids (TDS), as there are no health effects directly attributable to
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TDS. However, for good palatability total dissolved solids in drinking water should not exceed
600mg/L.
The above guideline is in line with the World Health Organisation (WHO) guidelines (Table 22).
Table 22 World Health Organization Guidelines (2004)
TDS (mg/L) Palatability
0-600 Good
600-900 Fair
900-1200 Poor
Table 23 below provides a summary of results from studies evaluating the willingness to pay
(WTP) for improved water quality, using either the averted behaviour method (ABM) or
Contingent Valuation Method (CVM). The results vary widely across studies, with an average
value of $88 per household per annum.
Table 23 Estimates of WTP for improvement in water safety / quality (per
household per year)
Author(s) Country Valuation
method
Estimated WTP per
household annually
(converted to AUD)
Abdalla, Roach and Epp USA ABM $15
Dupont Canada ABM $88
Laughland, Musser, Shortle and Musser USA ABM $120
Um, Kwak, Kim Korea ABM $46
Benson USA CVM $25
Crutchfield, Cooper and Hellerstein USA CVM $497
Jordan and Elnagheeb USA CVM $58
Kwak, Lee and Russell Korea CVM $29
Luzar and Cosse USA CVM $58
McConnell and Rosado Brazil ABM $90
Poe and Bishop USA CVM $309
Powell, Allee and McClintock USA CVM $52
Schultz and Lindsay USA CVM $97
Sun, Bergstrom and Dorfman USA CVM $519
Whitehead USA CVM $102
Median $88
The 2011 ABS Census identified 1,949 occupied dwellings in the Shire of Carnarvon. If each
household were to derive an annual benefit of $88 from improved water quality, the total annual
benefit would be $127,172.
Avoided cost to separate Southern Borefield (option 1)
Work is currently proposed to separate the Southern Borefield into a separate irrigation main
and town water supply. If Option 1 were implemented, this work would not be required, resulting
in an avoided capital cost of $1.7M (Table 24). These avoided cost estimates were derived from
the Carnarvon Irrigation Area-Governance Review: Southern Borefield Separation, completed
by GHD for the Water Corporation in June 2016.
Table 24 Avoided cost estimate for separate irrigation and TWS mains
Capital cost estimate $ million
Separate TWS borefield collector main $3.5
Separate Irrigation borefield $19.4
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Capital cost estimate $ million
TOTAL $22.9
Replacement main for the planned Southern Borefield $21.2
Difference (avoided cost) $1.7
Residual value
Whilst it is recognised that some infrastructure (e.g. pipelines, civil works) will have a relatively
long service life, much of the infrastructure will be process and mechanical equipment, and
electrical plan, assumed to have a 20 year useful life.  On that basis no residual value was
accounted for in year 20.
6.3 Results
The above costs and benefits were modelled over a 20 year timeline and discounted to present
values using a discount rate of 7%. The results presented in Table 25 below show that with the
exception of option 3b, all options return a negative net benefit, with costs outweighing the
benefits. Option 3b returns a positive benefit of $9.47 and a BCR of 1.15.
Table 25 BCA Results
1 2a 2b 2c 3a 3b
NPV costs ($M) $39.48 $35.93 $34.32 $41.18 $77.18 $62.82
NPV benefits ($M) $35.43 $32.53 $32.53 $32.53 $72.29 $72.29
Net benefits ($M) -$4.04 -$3.40 -$1.79 -$8.65 -$4.88 $9.47
BCR 0.90 0.91 0.95 0.79 0.94 1.15
Breakeven Analysis (i.e. values of key variables required to return a BCR of 1)
Capital
Costs
($M)
assumed $27.40 $24.80 $48.00 $39.90 $47.30 $35.70
breakeven $22.45 $22.57 $43.00 $24.90 $42.10 $45.77
Operating
costs
($M/year)
assumed $1.95 $1.55 $1.63 $1.76 $3.20 $2.86
breakeven $1.49 $1.22 $1.46 $0.92 $2.73 $3.77
Gross
Margins
assumed $1,871 $1,871 $1,871 $1,871 $1,871 $1,871
breakeven $2,103 $2,066 $1,974 $2,368 $1,997 $1,626
Table 26 below shows the relative cost to supply water under each option, which reflects the
price the scheme operator would need to charge users in order to cover costs.
Table 26 Water price analysis
1 2a 2b 2c 3a 3b
Price of water (to
recover opex) $/ML
$1,084 $860 $905 $979 $794 $708
Price of water (to
recover opex and
capex) $/ML
$1,185 $961 $1,762 $1,428 $846 $1,105
6.3.1 Sensitivity analysis
Sensitivity analysis was carried out to test the robustness of the results to changes in key
variables. Table 27 below shows the BCR outcomes under real discount rates of 5%, 7% and
9%. As would be expected, changes to the discount rate had an effect on the size of the BCR
for each option, but they do not alter the ranking of options. This can be attributed to the
prominence of both large costs (e.g. construction costs) in the first years of the analysis.
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Table 27 Discount rate sensitivity analysis
Discount rate Benefit Cost Ratio
1 2a 2b 2c 3a 3b
5% 0.97 0.99 1.03 0.87 1.03 1.26
7% 0.90 0.91 0.95 0.79 0.94 1.15
9% 0.83 0.83 0.87 0.72 0.85 1.05
Table 28 below shows the BCR outcomes under various production gross margin assumptions,
compared to the assumed value of $1,871 per ML. The results show that for desalination
options to generate substantial BCR’s, irrigation water would need to be generating benefits in
excess of $2,000 per ML, which would only occur in highly value added production systems.
Table 28 Production gross margin sensitivity analysis
Production Gross
Margins ($/ML) Benefit Cost Ratio1 2a 2b 2c 3a 3b
$1,000 0.51 0.48 0.51 0.42 0.50 0.62
$1,500 0.73 0.73 0.76 0.63 0.75 0.92
$2,000 0.95 0.97 1.01 0.84 1.00 1.23
$3,000 1.39 1.45 1.52 1.27 1.50 1.85
$4,000 1.84 1.94 2.03 1.69 2.00 2.46
6.3.2 Summary
Overall, the results of this BCA do not present a clearly compelling economic case for
establishing a desalination facility to desalinate water from the CAB for supply to either the
Carnarvon Town Water Supply or the Carnarvon Irrigation Area.
Option 3b was found to be the most feasible, returning a net positive benefit of $9.47 million and
BCR of 1.15. In light of these positive results, there may be justification for this option being
further investigated.
7. Conclusions
Whilst it would be technically feasible to desalinate locally sourced brackish artesian water for
supply into the Carnarvon Town Water Supply or Carnarvon Irrigation Scheme, the results of
the benefit-cost analysis indicate that there is no compelling economic case for establishing
such a facility in the Carnarvon region. Whilst based on the assumptions made Option 3b (4.0
GL/year base load supply) would return a relatively small net benefit (BCA of 1.09), for all other
options the benefits would not outweigh the costs. Further investigation of the CAB may identify
more favourable aquifer properties reducing the cost of the artesian borefield and hence
improving the net benefit of Option 3B to a level that may support investment. As Option 3b
relies on irrigation water use patterns at Carnarvon changing to a higher percentage of water
use in off peak periods, which is anticipated to reduce the gross margin, the actual benefits
assumed for this option are likely to be lower than the benefits assumed in this study.
Other conclusions drawn from the study are:
1. From an economic perspective, there is a stronger case to supply desalinated artesian
water directly into the irrigation scheme (Options 2 and 3) rather than supplying this water
into the Town Water Supply (Option 1). Broadly this is because the additional benefits
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from improved town water drinking quality were found to be relatively small ($88 per
household per annum) compared to the additional costs associated with this option.
2. It would be far more cost effective to dispose of reject water from the desalination process
to the ocean by means of an ocean outfall rather than via discharge to purpose-built lined
evaporation ponds.
3. Disposal of reject water from the desalination process to evaporation ponds would be
expensive and require a significant area of land. Whilst the size and thus cost of these
ponds could be reduced by improving the RO plant recovery to reduce the volume of
reject water requiring disposal, by going to 3 stage reverse osmosis treatment and
including softening pre-treatment (Option 2c), when treatment costs are taken into
account it would be more cost effective to adopt 2 stage reverse osmosis treatment and
dispose the higher reject water volumes to larger evaporation ponds (Option 2b).
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Table 1
Table 2
Location Bore name
Date bore
drilled
Bore depth
m
Distance from
Carnarvon (km)
Average
pressure kPa
Average
salinity mg/L
Boolathanna Boolathana 7/2009 1924 489 48 338 5642
Brick House Station Brickhouse Argyle 2008 2008 533 22 357 5031
Brick House Station Brickhouse Boodalia 2008 2008 469 41 391 3584
Carnarvon Shire Airport Bore 1999 612 0 414 3973
MRWA Carnarvon MRWA Carnarvon 2009 2009 510 11 309 4340
Chemical Analysis
Sample Units Brick HouseArgyle Bore
Brick
House
Boodalia
Bore
Carnarvon
Airport
Bore
Boron mg/L 1.4 1.2 2.3
Bromine mg/L 7 10 n/a
Strontium mg/L 3.4 2.2 n/a
Bicarbonate as CaCO3 mg/L 220 210 299
Calcium – Filterable mg/L 150 100 122
Carbonate as CaCo3 mg/L <1 <1 <1
Chloride mg/L 1400 1300 1570
Conductivity at 25C mS/m 620 520 676
Fluoride mg/L 1 0.7 n/a
Hardness as CaCO3 mg/L 710 540 510
Iron – Filterable mg/L <0.1 <0.1 0.3
Magnesium – Filterable mg/L 82 72 49
pH mg/L 7.6 7.6 7.7
Potassium – Filterable mg/L 53 44 46
Silica as Si mg/L 11 11 n/a
Sodium – Filterable mg/L 1200 860 1260
Sulfate mg/L 760 540 732
Total Dissolved Solids (Evap) mg/L 3920 3460 3700
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Appendix C – Option 1 Capex and Opex
Option 1
SCHEDULE OF PRICES
FOR
BOREFIELD/DESALINATION PLANT AND PRODUCT
ITEM DESCRIPTION UNIT QUANTITY RATE AMOUNT
 CONTRACTORS
PRELIMS AMOUNT Comment
1.0 BOREFIELD
1.1 ARTESIAN BORES
1.1.1 Drill 5 Production Bores - DN250 Casing - 630m depth No 5.00 901,266.67$ 4,506,333.33$ incl 4,506,333.33$ Quote from Austral Drilling
1.2 EQUIP BORES
1.2.1 Supply and install Bore pumps incl cubicle, riser, headworks and cable No 5.00 $87,175.90 435,879.50$ incl 435,879.50$ Quote from Grundfos
1.2.2 Supply and install bore pump in Airport Bore No 1.00 $73,684.68 73,684.68$ incl 73,684.68$ Quote from Grundfos
1.2.3 Supply and Install Structural Steel Platforms No 0.00 $44,920.40 -$ incl -$ Carnarvon Base Case Report
1.2.4 Pole Top Transformer No 6.00 $22,000.00 132,000.00$ 25% 165,000.00$ GFBI - Cost of Services
1.2.5 Cable Run to Bore No 6.00 $5,000.00 30,000.00$ 25% 37,500.00$ Allowance
1.2.6 Provision for SCADA Requirements & Telemetry No 6.00 $7,687.50 46,125.00$ 25% 57,656.25$ From CMAC Review estimate
1.2.7 Supply and install bore pump in MRWA Bore with diesel generator No 1.00 $73,684.68 73,684.68$ incl 73,684.68$ Quote from Grundfos
1.3 BOREFIELD COLLECTOR MAIN
1.3.1 Excavate, Supply, Lay and Backfill DN400PE PN20 Pipe m 2595.00 $257.89 669,221.59$ incl 669,221.59$ David Moss Pipe Quote
1.3.2 Excavate, Supply, Lay and Backfill DN355PE PN20 Pipe m 860.00 $256.75 220,807.04$ incl 220,807.04$ David Moss Pipe Quote
1.3.3 Excavate, Supply, Lay and Backfill DN225PE PN20 Pipe m 800.00 $136.46 109,169.46$ incl 109,169.46$ David Moss Pipe Quote
1.3.4 Excavate, Supply, Lay and Backfill DN280PE PN20 Pipe m 1040.00 $184.91 192,311.32$ incl 192,311.32$ David Moss Pipe Quote
1.0 BOREFIELD Total Carried to Summary 6,489,216.61$ 6,541,247.86$
2.0 DESALINATION PLANT
2.1 DESALINATION PLANT
2.1.1 Desalination Plant and Pre-Treatment Item 1.00 $4,116,420.00 4,116,420.00$ incl 4,116,420.00$  Novatron Quote
2.1.1 Cooling Tower Item 1.00 $533,500.00 533,500.00$ incl 533,500.00$  Novatron Quote
2.1.1 Post Treatment Item 1.00 $385,000.00 385,000.00$ incl 385,000.00$
2.2 MISCELLANEOUS
2.2.1 Plant Tanks Item 1.00 $379,500.00 379,500.00$ 25% 474,375.00$  Allowance
2.2.2 Civil Works Item 1.00 $97,900.00 97,900.00$ 25% 122,375.00$  Allowance
2.2.3 Plant Pipework m 100.00 $400.00 40,000.00$ 25% 50,000.00$  Allowance
2.2.4 Power Supply Item 1.00 $110,000.00 110,000.00$ 25% 137,500.00$  Allowance
2.2.5 Transport Item 1.00 $66,000.00 66,000.00$ 25% 82,500.00$  Novatron Quote
2.2.6 Misc. (Commissioning, spares etc) Item 1.00 $138,160.00 138,160.00$ 25% 172,700.00$  Novatron Quote
-$
2.0 DESALINATION PLANT Total Carried to Summary 5,866,480.00$ 6,074,370.00$
3.0 TREATED WATER TRANSFER
3.1 TRANSFER MAIN
3.1.1 Excavate, Supply, Lay and Backfill DN400PE PN12.5 Pipe m 2600 $212.24 551,826.63$ incl 551,826.63$ David Moss Pipe Quote
3.2 TRANSFER PUMP STATION
3.2.1 Instrumentation Item 1 $5,000.00 5,000.00$ 25% 6,250.00$  Allowance
3.2.2 Civils Item 1 $5,000.00 5,000.00$ 25% 6,250.00$  Allowance
3.2.3 Pump Station 86L/s @16m head Item 1 $240,118.00 240,118.00$ incl 240,118.00$
3.2.4 Provision for SCADA Requirements & Telemetry No 1 $7,687.50 7,687.50$ 25% 9,609.38$ From CMAC Review estimate
3.0 TREATED WATER TRANSFER Total Carried to Summary 809,632.13$ 814,054.01$
4.0 POWER
4.1 POWER GENERATION
4.1.1 Power Generation kW 561 $3,000.00 1,683,000.00$ incl 1,683,000.00$ $5.4M for 1.8MW - J. Greissman - Horizon Energy
4.0 POWER Total Carried to Summary 2,500,319.63$ 1,683,000.00$
SCHEDULE OF PRICES
FOR
OCEAN OUTFALL
ITEM DESCRIPTION UNIT QUANTITY RATE AMOUNT
 CONTRACTORS
PRELIMS AMOUNT Comment
1.0 REJECT TRANSFER - LAND
1.1 TRANSFER MAIN - LAND
1.1.1 Excavate, Supply, Lay and Backfill DN280PE PN12.5 Pipe No 7400.00 119.28$ 882,651.87$ incl 882,651.87$ David Moss Pipe Quote
1.2 TRANSFER PUMP STATION
1.2.1 Instrumentation Item 1 $5,000.00 5,000.00$ 25% 6,250.00$  Allowance
1.2.2 Civils Item 1 $5,000.00 5,000.00$ 25% 6,250.00$  Allowance
1.2.3 Pump Station 33.1L/s @23m head Item 1 $195,881.00 195,881.00$ incl 195,881.00$
1.2.4 Provision for SCADA Requirements & Telemetry No 1 $7,687.50 7,687.50$ 25% 9,609.38$ From CMAC Review estimate
1.0 REJECT TRANSFER - LAND Total Carried to Summary 1,096,220.37$ 1,100,642.25$
2.0 OCEAN OUTFALL
2.1 SAND AND SURFZONE
2.1.1 Horizontal Directional Drilling - Preliminaries/Mob./Demob. Item 1.00 $75,427 75,427.21$ incl 75,427.21$  DMCivil Rate
2.1.2 Horizontal Directional Drilling - DN225PE PN12.5 m 500.00 $1,200.00 600,000.00$ incl 600,000.00$  DMCivil Rate
2.1.3 Supply/Weld - DN225PE PN12.5 m 500.00 $58.77 29,386.29$ incl 29,386.29$ David Moss Pipe Quote
2.2 SEAFLOOR
2.2.1 Mobilise and Demobilise Barge Item 1.00 $100,000.00 100,000.00$ incl 100,000.00$  Allowance
2.2.2 Mobilise Pile Driving Equipment Item 1.00 $30,170.89 30,170.89$ incl 30,170.89$
 Harvey desal study with 1.4/1.05 location multiplier and
escaltion 2012 to 2017
2.2.3 Dive Team and Boat days 34.00 $11,314.08 384,678.79$ incl 384,678.79$
 Harvey desal study with 1.4/1.05 location multiplier and
escaltion 2012 to 2017
2.2.4 Site Engineer days 34.00 $1,131.41 38,467.88$ incl 38,467.88$  Harvey desal study with  escalation 2012 to 2017
2.2.5 Barge with Crane and Skipper days 34.00 $13,576.90 461,614.55$ incl 461,614.55$
 Harvey desal study with 1.4/1.05 location multiplier and
escaltion 2012 to 2017
2.2.6 Pile Driving days 2.00 $7,542.72 15,085.44$ incl 15,085.44$
 Harvey desal study with 1.4/1.05 location multiplier and
escaltion 2012 to 2018
2.2.7 Excavator days 4.00 $1,120.00 4,480.00$ incl 4,480.00$
2.2.8 Fabricate concrete anchor blocks and transport to site No 283.00 $1,131.41 320,188.52$ incl 320,188.52$  Harvey desal study with  escalation 2012 to 2017
2.2.9 Supply/Weld - DN225PE PN12.5 m 1700.00 $58.77 99,913.40$ incl 99,913.40$
2.2.10 Allowane for imported material Item 1.00 $150,000.00 150,000.00$ incl 150,000.00$
2.0 OCEAN OUTFALL Total Carried to Summary 2,309,412.98$ 2,309,412.98$
Option 1
FOR
Item Cost
POWER Type kWhr/kL Annual (kL) Annual (kWhr)kWhr/day $/kL
Borefield Variable 0.180 1,995,383 359,220 984 208,347.80$
Desal Plant Variable 1,200,000 0.815 977,753.07$
Product Transfer Variable 0.061 1,200,000 73,345 201 42,540.11$
Reject - Ocean Disposal Variable 0.090 795,383 71,268 195 41,335.60$
SUPPLY CHARGE No Rate
Borefield Fixed 6.00 2284.9 13,709.40$
Desal Plant Fixed 1.00 2284.9 2,284.90$
Product Transfer Fixed 0 2284.9 -$
Reject - Ocean Disposal Fixed 0 2284.9 -$
CONSUMABLES (incl. Chemicals) c/kL Annual (kL)
Borefield Variable 0 1,995,383 -$
Desal Plant Variable 0.21 1,200,000 249,362.77$
Product Transfer Variable 0 1,200,000 -$
Reject - Ocean Disposal Variable 0 795,383 -$
MAINTENANCE - Pumps and Bores No Rate
Borefield Fixed 6.00 10,000 60,000.00$
Desal Plant Fixed -$
Product Transfer Fixed 1 5,000 5,000.00$
Reject - Ocean Disposal Fixed 1 5,000 5,000.00$
MAINTENANCE - Pipe Length (Km) Rate ($/Km)
Borefield Fixed 5.30 300 1,588.50$
Desal Plant Fixed 0.10 300 30.00$
Product Transfer Fixed 2.6 300 780.00$
Reject - Ocean Disposal Fixed 7.40 300 2,220.00$
MAINTENANCE - Desalination Item Amount
Borefield Fixed
Desal Plant Fixed 1.00 111,478 111,478.02$
Product Transfer Fixed
Reject - Ocean Disposal Fixed
MAINTENANCE - % of asset capital % Amount
Borefield Fixed
Desal Plant Fixed
Product Transfer Fixed
Reject - Ocean Disposal Fixed 1 4,315,716 43,157.16$
TOTAL - type
Fixed 245,247.98$
Variable 1,519,339.36$
Total 1,764,587.33$
TOTAL - area $/YR
Borefield 283,645.70$
Desal Plant 1,340,908.77$
Product Transfer 48,320.11$
Reject - Ocean Disposal 91,712.76$
Total 1,764,587.33$
SCHEDULE OF PRICES
OPEX - OCEAN DISPOSAL
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Appendix D – Option 2 Ocean Disposal Capex and
Opex
Option 2
SCHEDULE OF PRICES
FOR
BOREFIELD/DESALINATION PLANT AND PRODUCT
ITEM DESCRIPTION UNIT QUANTITY RATE AMOUNT
 CONTRACTORS
PRELIMS AMOUNT Comment
1.0 BOREFIELD
1.1 ARTESIAN BORES
1.1.1 Drill 3 Production Bores - DN250 Casing - 630m depth No 3.00 901,266.67$ 2,703,800.00$ incl 2,703,800.00$ Quote from Austral Drilling
1.2 EQUIP BORES
1.2.1 Supply and install Bore pumps incl cubicle, riser, headworks and cable No 3.00 $111,614.10 334,842.30$ incl 334,842.30$ Quote from Grundfos
1.2.2 Supply and Install Structural Steel Platforms No 3.00 $44,920.40 134,761.20$ incl 134,761.20$ Carnarvon Base Case Report
1.2.3 Pole Top Transformer No 3.00 $22,000.00 66,000.00$ 25% 82,500.00$ GFBI - Cost of Services
1.2.4 Cable Run to Bore No 3.00 $5,000.00 15,000.00$ 25% 18,750.00$ Allowance
1.2.5 Provision for SCADA Requirements & Telemetry No 3.00 $7,687.50 23,062.50$ 25% 28,828.13$ From CMAC Review estimate
1.2.6 Supply and install bore pump in MRWA Bore with diesel generator No 1.00 $73,684.68 73,684.68$ incl 73,684.68$ Quote from Grundfos
1.3 BOREFIELD COLLECTOR MAIN
1.3.1 Excavate, Supply, Lay and Backfill DN500PE PN20 Pipe m 800.00 $376.01 300,808.90$ incl 300,808.90$ David Moss Pipe Quote
1.3.2 Excavate, Supply, Lay and Backfill DN400PE PN20 Pipe m 800.00 $286.15 228,920.20$ incl 228,920.20$ David Moss Pipe Quote
1.3.3 Excavate, Supply, Lay and Backfill DN315PE PN20 Pipe m 800.00 $204.23 163,385.76$ incl 163,385.76$ David Moss Pipe Quote
1.0 BOREFIELD Total Carried to Summary 4,044,265.54$ 4,070,281.17$
2.0 DESALINATION PLANT
2.1 DESALINATION PLANT
2.1.1 Desalination Plant and Pre-Treatment Item 1.00 $3,916,154.00 3,916,154.00$ incl 3,916,154.00$  Novatron Quote
2.1.1 Cooling Tower Item 1.00 $533,500.00 533,500.00$ incl 533,500.00$  Novatron Quote
2.1.1 Post Treatment Item 1.00 $0.00 -$
2.2 MISCELLANEOUS
2.2.1 Plant Tanks Item 1.00 $214,500.00 214,500.00$ 25% 268,125.00$  Allowance
2.2.2 Civil Works - Site Item 1.00 $97,900.00 97,900.00$ 25% 122,375.00$  Allowance
2.2.3 Civil Works - General Item 1.00 $233,347.03 233,347.03$ 25% 291,683.79$  Allowance
2.2.4 Plant Pipework m 100.00 $400.00 40,000.00$ 25% 50,000.00$  Allowance
2.2.5 Power Supply Item 1.00 $110,000.00 110,000.00$ 25% 137,500.00$  Allowance
2.2.6 Transport Item 1.00 $66,000.00 66,000.00$ 25% 82,500.00$  Novatron Quote
2.2.7 Misc. (Commissioning, spares etc) Item 1.00 $138,160.00 138,160.00$ 25% 172,700.00$  Novatron Quote
2.0 DESALINATION PLANT Total Carried to Summary 5,349,561.03$ 5,574,537.79$
3.0 TREATED WATER TRANSFER
3.1 TRANSFER MAIN
3.1.1 Excavate, Supply, Lay and Backfill DN355PE PN8 Pipe m 400 $165.49 66,196.08$ incl 66,196.08$ David Moss Pipe Quote
3.2 TRANSFER PUMP STATION
3.2.1 Instrumentation Item 1 $5,000.00 5,000.00$ 25% 6,250.00$  Allowance
3.2.2 Civils Item 1 $5,000.00 5,000.00$ 25% 6,250.00$  Allowance
3.2.3 Pump Station 91L/s @12m head Item 1 $267,517.50 267,517.50$ incl 267,517.50$
3.2.4 Provision for SCADA Requirements & Telemetry No 1 $7,687.50 7,687.50$ 25% 9,609.38$ From CMAC Review estimate
3.0 TREATED WATER TRANSFER Total Carried to Summary 351,401.08$ 355,822.96$
4.0 POWER
4.1 POWER GENERATION
4.1.1 Power Generation kW 565 $3,000.00 1,695,000.00$ incl 1,695,000.00$ $5.4M for 1.8MW - J. Greissman - Horizon Energy
4.0 POWER Total Carried to Summary 2,054,088.58$ 1,695,000.00$
Option 2
SCHEDULE OF PRICES
FOR
OCEAN OUTFALL
ITEM DESCRIPTION UNIT QUANTITY RATE AMOUNT
 CONTRACTORS
PRELIMS AMOUNT Comment
1.0 REJECT TRANSFER - LAND
1.1 TRANSFER MAIN - LAND
1.1.1 Excavate, Supply, Lay and Backfill DN280PE PN12.5 Pipe No 20500.00 118.79$ 2,435,282.03$ incl 2,435,282.03$ David Moss Pipe Quote
1.2 TRANSFER PUMP STATION
1.2.1 Instrumentation Item 1 $5,000.00 5,000.00$ 25% 6,250.00$  Allowance
1.2.2 Civils Item 1 $5,000.00 5,000.00$ 25% 6,250.00$  Allowance
1.2.3 Pump Station 34.6L/s @42m head Item 1 $369,997.50 369,997.50$ incl 369,997.50$
1.2.4 Provision for SCADA Requirements & Telemetry No 1 $7,687.50 7,687.50$ 25% 9,609.38$ From CMAC Review estimate
1.0 REJECT TRANSFER - LAND Total Carried to Summary 2,822,967.03$ 2,827,388.90$
2.0 OCEAN OUTFALL
2.1 SAND AND SURFZONE
2.1.1 Horizontal Directional Drilling - Preliminaries/Mob./Demob. Item 1.00 $75,427 75,427.21$ incl 75,427.21$  DMCivil Rate
2.1.2 Horizontal Directional Drilling - DN225PE PN12.5 m 500.00 $1,200.00 600,000.00$ incl 600,000.00$  DMCivil Rate
2.1.3 Supply/Weld - DN225PE PN12.5 m 500.00 $58.05 29,024.29$ incl 29,024.29$ David Moss Pipe Quote
2.2 SEAFLOOR
2.2.1 Mobilise and Demobilise Barge Item 1.00 $100,000.00 100,000.00$ incl 100,000.00$  Allowance
2.2.2 Mobilise Pile Driving Equipment Item 1.00 $30,170.89 30,170.89$ incl 30,170.89$
 Harvey desal study with 1.4/1.05 location multiplier and
escaltion 2012 to 2017
2.2.3 Dive Team and Boat days 34.00 $11,314.08 384,678.79$ incl 384,678.79$
 Harvey desal study with 1.4/1.05 location multiplier and
escaltion 2012 to 2017
2.2.4 Site Engineer days 34.00 $1,131.41 38,467.88$ incl 38,467.88$  Harvey desal study with  escalation 2012 to 2017
2.2.5 Barge with Crane and Skipper days 34.00 $13,576.90 461,614.55$ incl 461,614.55$
 Harvey desal study with 1.4/1.05 location multiplier and
escaltion 2012 to 2017
2.2.6 Pile Driving days 2.00 $7,542.72 15,085.44$ incl 15,085.44$
 Harvey desal study with 1.4/1.05 location multiplier and
escaltion 2012 to 2018
2.2.7 Excavator days 4.00 $1,120.00 4,480.00$ incl 4,480.00$
2.2.8 Fabricate concrete anchor blocks and transport to site No 283.00 $1,131.41 320,188.52$ incl 320,188.52$  Harvey desal study with  escalation 2012 to 2017
2.2.9 Supply/Weld - DN225PE PN12.5 m 1700.00 $58.05 98,682.59$ incl 98,682.59$
2.2.10 Allowane for imported material Item 1.00 $150,000.00 150,000.00$ incl 150,000.00$
2.0 OCEAN OUTFALL Total Carried to Summary 2,307,820.17$ 2,307,820.17$
Option 2
FOR
Item Cost
POWER Type kWhr/kL Annual (kL) Annual (kWhr)kWhr/day $/kL
Borefield Variable 0.174 2,460,697 429,146 1,176 145,909.50$
Desal Plant Variable 1,800,000 0.428 770,558.37$
Product Transfer Variable 0.047 1,800,000 84,600 232 28,764.00$
Reject - Ocean Disposal Variable 0.163 660,697 107,694 295 36,615.84$
SUPPLY CHARGE No Rate
Borefield Fixed 3.00 189.8 569.40$
Desal Plant Fixed 1.00 189.8 189.80$
Product Transfer Fixed 0 189.8 -$
Reject - Ocean Disposal Fixed 0 189.8 -$
CONSUMABLES (incl. Chemicals) c/kL Annual (kL)
Borefield Variable 0 2,460,697 -$
Desal Plant Variable 0.20 1,800,000 363,542.36$
Product Transfer Variable 0 1,800,000 -$
Reject - Ocean Disposal Variable 0 660,697 -$
MAINTENANCE - Pumps and Bores No Rate
Borefield Fixed 3.00 10,000 30,000.00$
Desal Plant Fixed -$
Product Transfer Fixed 1 5,000 5,000.00$
Reject - Ocean Disposal Fixed 1 5,000 5,000.00$
MAINTENANCE - Pipe Length (Km) Rate ($/Km)
Borefield Fixed 2.40 300 720.00$
Desal Plant Fixed 0.10 300 30.00$
Product Transfer Fixed 0 300 120.00$
Reject - Ocean Disposal Fixed 20.50 300 6,150.00$
MAINTENANCE - Desalination Item Amount
Borefield Fixed
Desal Plant Fixed 1.00 111,478 111,478.02$
Product Transfer Fixed
Reject - Ocean Disposal Fixed
MAINTENANCE - % of asset capital % Amount
Borefield Fixed
Desal Plant Fixed
Product Transfer Fixed
Reject - Ocean Disposal Fixed 1 4,312,739 43,127.39$
TOTAL - type
Fixed 202,384.61$
Variable 1,345,390.07$
Total 1,547,774.68$
TOTAL - area $/YR
Borefield 177,198.90$
Desal Plant 1,245,798.55$
Product Transfer 33,884.00$
Reject - Ocean Disposal 90,893.23$
Total 1,547,774.68$
TOTAL - c/kL 86
SCHEDULE OF PRICES
OPEX - OCEAN DISPOSAL
GHD | Report for Carnarvon Growers Association/Gascoyne Water Co-operative - Carnarvon Artesian Desalination, 61/34615
Appendix E – Option 2 Evaporation Pond Capex and
Opex
Option 2
SCHEDULE OF PRICES
FOR
BOREFIELD/DESALINATION PLANT AND PRODUCT
ITEM DESCRIPTION UNIT QUANTITY RATE AMOUNT
 CONTRACTORS
PRELIMS AMOUNT Comment
1.0 BOREFIELD
1.1 ARTESIAN BORES
1.1.1 Drill 3 Production Bores - DN250 Casing - 630m depth No 3.00 901,266.67$ 2,703,800.00$ incl 2,703,800.00$ Quote from Austral Drilling
1.2 EQUIP BORES
1.2.1 Supply and install Bore pumps incl cubicle, riser, headworks and cable No 3.00 $111,614.10 334,842.30$ incl 334,842.30$ Quote from Grundfos
1.2.2 Supply and Install Structural Steel Platforms No 3.00 $44,920.40 134,761.20$ incl 134,761.20$ Carnarvon Base Case Report
1.2.3 Pole Top Transformer No 3.00 $22,000.00 66,000.00$ 25% 82,500.00$ GFBI - Cost of Services
1.2.4 Cable Run to Bore No 3.00 $5,000.00 15,000.00$ 25% 18,750.00$ Allowance
1.2.5 Provision for SCADA Requirements & Telemetry No 3.00 $7,687.50 23,062.50$ 25% 28,828.13$ From CMAC Review estimate
1.2.6 Supply and install bore pump in MRWA Bore with diesel generator No 1.00 $73,684.68 73,684.68$ incl 73,684.68$ Quote from Grundfos
1.3 BOREFIELD COLLECTOR MAIN
1.3.1 Excavate, Supply, Lay and Backfill DN500PE PN20 Pipe m 800.00 $376.01 300,808.90$ incl 300,808.90$ David Moss Pipe Quote
1.3.2 Excavate, Supply, Lay and Backfill DN400PE PN20 Pipe m 800.00 $286.15 228,920.20$ incl 228,920.20$ David Moss Pipe Quote
1.3.3 Excavate, Supply, Lay and Backfill DN315PE PN20 Pipe m 800.00 $204.23 163,385.76$ incl 163,385.76$ David Moss Pipe Quote
1.0 BOREFIELD Total Carried to Summary 4,044,265.54$ 4,070,281.17$
2.0 DESALINATION PLANT
2.1 DESALINATION PLANT
2.1.1 Desalination Plant and Pre-Treatment Item 1.00 $3,916,154.00 3,916,154.00$ incl 3,916,154.00$  Novatron Quote
2.1.1 Cooling Tower Item 1.00 $533,500.00 533,500.00$ incl 533,500.00$  Novatron Quote
2.1.1 Post Treatment Item 1.00 $0.00 -$
2.2 MISCELLANEOUS
2.2.1 Plant Tanks Item 1.00 $214,500.00 214,500.00$ 25% 268,125.00$  Allowance
2.2.2 Civil Works - Site Item 1.00 $97,900.00 97,900.00$ 25% 122,375.00$  Allowance
2.2.3 Civil Works - General Item 1.00 $233,347.03 233,347.03$ 25% 291,683.79$  Allowance
2.2.4 Plant Pipework m 100.00 $400.00 40,000.00$ 25% 50,000.00$  Allowance
2.2.5 Power Supply Item 1.00 $110,000.00 110,000.00$ 25% 137,500.00$  Allowance
2.2.6 Transport Item 1.00 $66,000.00 66,000.00$ 25% 82,500.00$  Novatron Quote
2.2.7 Misc. (Commissioning, spares etc) Item 1.00 $138,160.00 138,160.00$ 25% 172,700.00$  Novatron Quote
2.0 DESALINATION PLANT Total Carried to Summary 5,349,561.03$ 5,574,537.79$
3.0 TREATED WATER TRANSFER
3.1 TRANSFER MAIN
3.1.1 Excavate, Supply, Lay and Backfill DN355PE PN8 Pipe m 400 $165.49 66,196.08$ incl 66,196.08$ David Moss Pipe Quote
3.2 TRANSFER PUMP STATION
3.2.1 Instrumentation Item 1 $5,000.00 5,000.00$ 25% 6,250.00$  Allowance
3.2.2 Civils Item 1 $5,000.00 5,000.00$ 25% 6,250.00$  Allowance
3.2.3 Pump Station 91L/s @12m head Item 1 $267,517.50 267,517.50$ incl 267,517.50$
3.2.4 Provision for SCADA Requirements & Telemetry No 1 $7,687.50 7,687.50$ 25% 9,609.38$ From CMAC Review estimate
3.0 TREATED WATER TRANSFER Total Carried to Summary 351,401.08$ 355,822.96$
4.0 POWER
4.1 POWER GENERATION
4.1.1 Power Generation kW 565 $3,000.00 1,695,000.00$ incl 1,695,000.00$ $5.4M for 1.8MW - J. Greissman - Horizon Energy
4.0 POWER Total Carried to Summary 2,054,088.58$ 1,695,000.00$
Option 2
SCHEDULE OF PRICES
FOR
REJECT DISPOSAL - EVAPORATION POND
ITEM DESCRIPTION UNIT QUANTITY RATE AMOUNT
 CONTRACTORS
PRELIMS AMOUNT Comment
1.0 REJECT TRANSFER
1.1 REJECT TRANSFER MAIN
1.1.1 Excavate, Supply, Lay and Backfill DN250PE PN8 Pipe No 10000.00 82.58$ 825,834.90$ incl 825,834.90$ David Moss Pipe Quote
1.2 REJECTTRANSFER PUMP STATION
1.2.1 Instrumentation Item 1 $5,000.00 5,000.00$ 25% 6,250.00$  Allowance
1.2.2 Civils Item 1 $5,000.00 5,000.00$ 25% 6,250.00$  Allowance
1.2.3 Pump Station 34.6L/s @21m head Item 1 $195,181.00 195,181.00$ incl 195,181.00$
1.2.4 Provision for SCADA Requirements & Telemetry No 1 $7,687.50 7,687.50$ 25% 9,609.38$ From CMAC Review estimate
1.0 REJECT TRANSFER Total Carried to Summary 1,038,703.40$ 1,043,125.28$
2.0 EVAPORATION POND
2.1 PREPARATION WORKS
2.1.1 Clearing of site m2 505416 $2.00 1,010,832.00$ 25% 1,263,540.00$  Rawlinsons rate, regional factor applied
2.1.2 Cut and stockpile natural material m3 127102.00 $12.00 1,525,224.00$ 25% 1,906,530.00$  Rate for Wickhan Evap Pond
2.1.3 Formation and compaction of embankment materials m3 127102.00 $12.00 1,525,224.00$ 25% 1,906,530.00$  Rate for Wickhan Evap Pond
2.2 POND LINER AND GEOFABRIC UNDERLAY
2.2.1 Geofabric liner protection (A64) underlay - base m2 466244.00 $5.00 2,331,220.00$ 10% 2,564,342.00$ pricing from Merrit Group - refer below.
2.2.2
1.5mm thick HDPE Liner (Base) complete (including gas vents and connection to all
pipwork and embankment structures) m2 466244.00 $7.00 3,263,708.00$ 10% 3,590,078.80$  pricing from Merrit Group
2.2.3 Geofabric liner protection (A64) underlay - top m2 466244.00 $5.00 2,331,220.00$ 10% 2,564,342.00$  pricing from Merrit Group
2.2.4
1.5mm thick HDPE Liner (Top)complete (including gas vents and connection to all
pipwork and embankment structures) m2 466244.00 $7.00 3,263,708.00$ 10% 3,590,078.80$  pricing from Merrit Group
2.2.5 Confining Layer HDPE liner (300mm) earthworks floor only m3 122647.00 $12.00 1,471,764.00$ 25% 1,839,705.00$  Rate for Wickhan Evap Pond
2.2.6 Concrete spillway structure and stairs no. 3.00 $18,000.00 54,000.00$ 25% 67,500.00$  Rate for Wickhan Evap Pond
2.2.7 Extra-over for pipe penetrations no. 5.00 $500.00 2,500.00$ 25% 3,125.00$  pricing from merit group
2.2.8 Perimeter Fence m 2892 $82.50 238,590.00$ 25% 298,237.50$
Option 2
FOR
Item Cost
POWER Type kWhr/kL Annual (kL) Annual (kWhr)kWhr/day $/kL
Borefield Variable 0.17 2,460,697 429,146 1,176 145,909.50$
Desal Plant Variable 1,800,000 0.428 770,558.37$
Product Transfer Variable 0 1,800,000 84,600 232 28,764.00$
Reject - Evap Pond Variable 0.081 660,697 53,677 147 18,250.14$
SUPPLY CHARGE No Rate
Borefield Fixed 3.00 190 569.40$
Desal Plant Fixed 1.00 190 189.80$
Product Transfer Fixed 0 190 -$
Reject - Evap Pond Fixed 0 190 -$
CONSUMABLES (incl. Chemicals) c/kL Annual (kL)
Borefield Variable 0 2,460,697 -$
Desal Plant Variable 0.20 1,800,000 363,542.36$
Product Transfer Variable 0 1,800,000 -$
Reject - Evap Pond Variable 0 660,697 -$
MAINTENANCE - Pumps and Bores No Rate
Borefield Fixed 3.00 10,000 30,000.00$
Desal Plant Fixed -$
Product Transfer Fixed 1 5,000 5,000.00$
Reject - Evap Pond Fixed 1 5,000 5,000.00$
MAINTENANCE - Pipe Length (Km)Rate ($/Km)
Borefield Fixed 2.40 300 720.00$
Desal Plant Fixed 0.10 300 30.00$
Product Transfer Fixed 0 300 120.00$
Reject - Evap Pond Fixed 10 300 3,000.00$
MAINTENANCE - Desalination Item Amount
Borefield Fixed
Desal Plant Fixed 1.00 111,478 111,478.02$
Product Transfer Fixed
Reject - Evap Pond Fixed
MAINTENANCE - % of asset capital %
Borefield Fixed
Desal Plant Fixed
Product Transfer Fixed
Reject - Evap Pond Fixed 0.5% 29,293,044 146,465.22$
TOTAL - type
Fixed 302,572.44$
Variable 1,327,024.38$
Total 1,629,596.82$
TOTAL - area
Borefield 177,198.90$
Desal Plant 1,245,798.55$
Product Transfer 33,884.00$
Reject - Evap Pond 172,715.36$
Total 1,629,596.82$
TOTAL - c/kL 90.5
OPEX - EVAP PONDS
SCHEDULE OF PRICES
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Appendix F – Option 2 3 Stage RO/Softener Capex
and Opex
Option 2 - 3 Stage RO/Softening
SCHEDULE OF PRICES
FOR
BOREFIELD/DESALINATION PLANT AND PRODUCT
ITEM DESCRIPTION UNIT QUANTITY RATE AMOUNT
 CONTRACTORS
PRELIMS AMOUNT Comment
1.0 BOREFIELD
1.1 ARTESIAN BORES
1.1.1 Drill 3 Production Bores - DN250 Casing - 630m depth No 3.00 901,266.67$ 2,703,800.00$ incl 2,703,800.00$ Quote from Austral Drilling
1.2 EQUIP BORES
1.2.1 Supply and install Bore pumps incl cubicle, riser, headworks and cable No 3.00 $99,380.62 298,141.87$ incl 298,141.87$ Quote from Grundfos
1.2.2 Supply and Install Structural Steel Platforms No 3.00 $44,920.40 134,761.20$ incl 134,761.20$ Carnarvon Base Case Report
1.2.3 Pole Top Transformer No 3.00 $22,000.00 66,000.00$ 25% 82,500.00$ GFBI - Cost of Services
1.2.4 Cable Run to Bore No 3.00 $5,000.00 15,000.00$ 25% 18,750.00$ Allowance
1.2.5 Provision for SCADA Requirements & Telemetry No 3.00 $7,687.50 23,062.50$ 25% 28,828.13$ From CMAC Review estimate
1.2.6 Supply and install bore pump in MRWA Bore with diesel generator No 1.00 $73,684.68 73,684.68$ incl 73,684.68$ Quote from Grundfos
1.3 BOREFIELD COLLECTOR MAIN
1.3.1 Excavate, Supply, Lay and Backfill DN450PE PN20 Pipe m 800.00 $333.61 266,884.90$ incl 266,884.90$ David Moss Pipe Quote
1.3.2 Excavate, Supply, Lay and Backfill DN400PE PN20 Pipe m 800.00 $286.15 228,920.20$ incl 228,920.20$ David Moss Pipe Quote
1.3.3 Excavate, Supply, Lay and Backfill DN315PE PN20 Pipe m 800.00 $204.23 163,385.76$ incl 163,385.76$ David Moss Pipe Quote
1.0 BOREFIELD Total Carried to Summary 3,973,641.11$ 3,999,656.74$
2.0 DESALINATION PLANT
2.1 DESALINATION PLANT
2.1.1 Desalination Plant and Pre-Treatment Item 1.00 $7,200,363.85 7,200,363.85$ incl 7,200,363.85$  Novatron Quote
2.1.2 Cooling Tower Item 1.00 $533,500.00 533,500.00$ incl 533,500.00$  Novatron Quote
2.1.3 Post Treatment Item 1.00 $0.00 -$
2.2 MISCELLANEOUS
2.2.1 Plant Tanks Item 1.00 $266,000.00 266,000.00$ 25% 332,500.00$  Allowance
2.2.2 Civil Works - Site Item 1.00 $596,750.00 596,750.00$ 25% 745,937.50$  Allowance
2.2.3 Civil Works - General Item 1.00 $275,358.96 275,358.96$ 25% 344,198.70$  Allowance
2.2.4 Plant Pipework m 300.00 $400.00 120,000.00$ 25% 150,000.00$  Allowance
2.2.5 Power Supply Item 1.00 $110,000.00 110,000.00$ 25% 137,500.00$  Allowance
2.2.6 Transport Item 1.00 $92,400.00 92,400.00$ 25% 115,500.00$  Novatron Quote
2.2.7 Misc. (Commissioning, spares etc) Item 1.00 $127,160.00 127,160.00$ 25% 158,950.00$  Novatron Quote
2.0 DESALINATION PLANT Total Carried to Summary 9,321,532.81$ 9,718,450.05$
3.0 TREATED WATER TRANSFER
3.1 TRANSFER MAIN
3.1.1 Excavate, Supply, Lay and Backfill DN355PE PN8 Pipe m 400 $165.49 66,196.08$ incl 66,196.08$ David Moss Pipe Quote
3.2 TRANSFER PUMP STATION
3.2.1 Instrumentation Item 1 $5,000.00 5,000.00$ 25% 6,250.00$  Allowance
3.2.2 Civils Item 1 $5,000.00 5,000.00$ 25% 6,250.00$  Allowance
3.2.3 Pump Station 91L/s @12m head Item 1 $267,517.50 267,517.50$ incl 267,517.50$
3.2.4 Provision for SCADA Requirements & Telemetry No 1 $7,687.50 7,687.50$ 25% 9,609.38$ From CMAC Review estimate
3.0 TREATED WATER TRANSFER Total Carried to Summary 351,401.08$ 355,822.96$
4.0 POWER
4.1 POWER GENERATION
4.1.1 Power Generation kW 598 $3,000.00 1,794,000.00$ incl 1,794,000.00$ $5.4M for 1.8MW - J. Greissman - Horizon Energy
4.0 POWER Total Carried to Summary 2,153,088.58$ 1,794,000.00$
Option 2 - 3 Stage RO/Softening
SCHEDULE OF PRICES
FOR
REJECT DISPOSAL - EVAPORATION POND
ITEM DESCRIPTION UNIT QUANTITY RATE AMOUNT
 CONTRACTORS
PRELIMS AMOUNT Comment
1.0 REJECT TRANSFER
1.1 REJECT TRANSFER MAIN
1.1.1 Excavate, Supply, Lay and Backfill DN250PE PN8 Pipe No 10000.00 82.58$ 825,834.90$ incl 825,834.90$ David Moss Pipe Quote
1.2 REJECTTRANSFER PUMP STATION
1.2.1 Instrumentation Item 0 $5,000.00 -$ 25% -$  Allowance
1.2.2 Civils Item 0 $5,000.00 -$ 25% -$  Allowance
1.2.3 Control Valve Item 1 $20,000.00 20,000.00$ incl 20,000.00$
1.2.4 Provision for SCADA Requirements & Telemetry No 1 $7,687.50 7,687.50$ 25% 9,609.38$ From CMAC Review estimate
1.0 REJECT TRANSFER Total Carried to Summary 853,522.40$ 855,444.28$
2.0 EVAPORATION POND
2.1 PREPARATION WORKS
2.1.1 Clearing of site m2 255372 $2.00 510,744.04$ 25% 638,430.05$  Rawlinsons rate, regional factor applied
2.1.2 Cut and stockpile natural material m3 82197.51 $12.00 986,370.11$ 25% 1,232,962.64$  Rate for Wickhan Evap Pond
2.1.3 Formation and compaction of embankment materials m3 82197.51 $12.00 986,370.11$ 25% 1,232,962.64$  Rate for Wickhan Evap Pond
2.2 POND LINER AND GEOFABRIC UNDERLAY
2.2.1 Geofabric liner protection (A64) underlay - base m2 228790.81 $5.00 1,143,954.05$ 10% 1,258,349.46$ pricing from Merrit Group - refer below.
2.2.2
1.5mm thick HDPE Liner (Base) complete (including gas vents and connection to all
pipwork and embankment structures) m2 228790.81 $7.00 1,601,535.67$ 10% 1,761,689.24$  pricing from Merrit Group
2.2.3 Geofabric liner protection (A64) underlay - top m2 228790.81 $5.00 1,143,954.05$ 10% 1,258,349.46$  pricing from Merrit Group
2.2.4
1.5mm thick HDPE Liner (Top)complete (including gas vents and connection to all
pipwork and embankment structures) m2 228790.81 $7.00 1,601,535.67$ 10% 1,761,689.24$  pricing from Merrit Group
2.2.5 Confining Layer HDPE liner (300mm) earthworks floor only m3 56501.74 $12.00 678,020.84$ 25% 847,526.05$  Rate for Wickhan Evap Pond
2.2.6 Concrete spillway structure and stairs no. 3.00 $18,000.00 54,000.00$ 25% 67,500.00$  Rate for Wickhan Evap Pond
2.2.7 Extra-over for pipe penetrations no. 5.00 $500.00 2,500.00$ 25% 3,125.00$  pricing from merit group
2.2.8 Perimeter Fence m 2041 $82.50 168,377.17$ 25% 210,471.46$
2.0 EVAPORATION POND Total Carried to Summary 8,877,361.72$ 10,273,055.23$
Option 2 - 3 Stage RO/Softening
FOR
Item Cost
POWER Type kWhr/kL Annual (kL) Annual (kWhr)kWhr/day $/kL
Borefield Variable 0.17 2,460,697 429,146 1,176 145,909.50$
Desal Plant Variable 1,800,000 0.428 770,558.37$
Product Transfer Variable 0 1,800,000 84,600 232 28,764.00$
Reject - Evap Pond Variable 0.000 660,697 - - -$
SUPPLY CHARGE No Rate
Borefield Fixed 3.00 190 569.40$
Desal Plant Fixed 1.00 190 189.80$
Product Transfer Fixed 0 190 -$
Reject - Evap Pond Fixed 0 190 -$
CONSUMABLES (incl. Chemicals) c/kL Annual (kL)
Borefield Variable 0 2,460,697 -$
Desal Plant Variable 0.33 1,800,000 588,158.16$
Product Transfer Variable 0 1,800,000 -$
Reject - Evap Pond Variable 0 660,697 -$
MAINTENANCE - Pumps and Bores No Rate
Borefield Fixed 3.00 10,000 30,000.00$
Desal Plant Fixed -$
Product Transfer Fixed 1 5,000 5,000.00$
Reject - Evap Pond Fixed -$
MAINTENANCE - Pipe Length (Km)Rate ($/Km)
Borefield Fixed 2.40 300 720.00$
Desal Plant Fixed 0.30 300 90.00$
Product Transfer Fixed 0 300 120.00$
Reject - Evap Pond Fixed 10 300 3,000.00$
MAINTENANCE - Desalination Item Amount
Borefield Fixed
Desal Plant Fixed 1.00 111,478 111,478.02$
Product Transfer Fixed
Reject - Evap Pond Fixed
MAINTENANCE - % of asset capital %
Borefield Fixed
Desal Plant Fixed
Product Transfer Fixed
Reject - Evap Pond Fixed 0.5% 15,358,218 76,791.09$
TOTAL - type
Fixed 227,958.31$
Variable 1,533,390.03$
Total 1,761,348.34$
TOTAL - area
Borefield 177,198.90$
Desal Plant 1,470,474.35$
Product Transfer 33,884.00$
Reject - Evap Pond 79,791.09$
Total 1,761,348.34$
TOTAL - c/kL 97.9
OPEX - EVAP PONDS
SCHEDULE OF PRICES
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Appendix G – Option 3 Peaking Capex and Opex
Option 3 - Peaking
SCHEDULE OF PRICES
FOR
BOREFIELD/DESALINATION PLANT AND PRODUCT
ITEM DESCRIPTION UNIT QUANTITY RATE AMOUNT
 CONTRACTORS
PRELIMS AMOUNT Comment
1.0 BOREFIELD
1.1 ARTESIAN BORES
1.1.1 Drill 3 Production Bores - DN250 Casing - 630m depth No 7.00 910,355.60$ 6,372,489.20$ incl 6,372,489.20$ Quote from Austral Drilling
1.2 EQUIP BORES
1.2.1 Supply and install Bore pumps incl cubicle, riser, headworks and cable No 7.00 $148,065.40 1,036,457.77$ incl 1,036,457.77$ Quote from Grundfos
1.2.2 Supply and Install Structural Steel Platforms No 7.00 $44,920.40 314,442.80$ incl 314,442.80$ Carnarvon Base Case Report
1.2.3 Pole Top Transformer No 7.00 $22,000.00 154,000.00$ 25% 192,500.00$ GFBI - Cost of Services
1.2.4 Cable Run to Bore No 7.00 $5,000.00 35,000.00$ 25% 43,750.00$ Allowance
1.2.5 Provision for SCADA Requirements & Telemetry No 7.00 $7,687.50 53,812.50$ 25% 67,265.63$ From CMAC Review estimate
1.2.6 Supply and install bore pump in MRWA Bore with diesel generator No 1.00 $73,684.68 73,684.68$ incl 73,684.68$ Quote from Grundfos
1.3 BOREFIELD COLLECTOR MAIN
1.3.1 Excavate, Supply, Lay and Backfill DN630PE PN20 Pipe m 1600.00 $577.44 923,897.10$ incl 923,897.10$ David Moss Pipe Quote
1.3.2 Excavate, Supply, Lay and Backfill DN560PE PN20 Pipe m 1600.00 $436.12 697,784.20$ incl 697,784.20$ David Moss Pipe Quote
1.3.3 Excavate, Supply, Lay and Backfill DN500PE PN20 Pipe m 800.00 $376.01 300,808.90$ incl 300,808.90$ David Moss Pipe Quote
1.3.4 Excavate, Supply, Lay and Backfill DN400PE PN20 Pipe m 800.00 $286.15 228,920.20$ incl 228,920.20$ David Moss Pipe Quote
1.3.5 Excavate, Supply, Lay and Backfill DN315PE PN20 Pipe m 800.00 $204.23 163,385.76$ incl 163,385.76$ David Moss Pipe Quote
1.0 BOREFIELD Total Carried to Summary 10,354,683.11$ 10,415,386.24$
2.0 DESALINATION PLANT
2.1 DESALINATION PLANT
2.1.1 Desalination Plant and Pre-Treatment Item 1.00 $8,288,192.00 8,288,192.00$ incl 8,288,192.00$  Novatron Quote
2.1.1 Cooling Tower Item 1.00 $1,127,500.00 1,127,500.00$ incl 1,127,500.00$  Novatron Quote
2.1.1 Post Treatment Item 1.00 $0.00 -$
2.2 MISCELLANEOUS
2.2.1 Plant Tanks Item 1.00 $264,000.00 264,000.00$ 25% 330,000.00$  Allowance
2.2.2 Civil Works - Site Item 1.00 $184,250.00 184,250.00$ 25% 230,312.50$  Allowance
2.2.3 Civil Works - General Item 1.00 $281,949.73 281,949.73$ 25% 352,437.16$  Allowance
2.2.4 Plant Pipework m 100.00 $400.00 40,000.00$ 25% 50,000.00$  Allowance
2.2.5 Power Supply Item 1.00 $110,000.00 110,000.00$ 25% 137,500.00$  Allowance
2.2.6 Transport Item 1.00 $118,800.00 118,800.00$ 25% 148,500.00$  Novatron Quote
2.2.7 Misc. (Commissioning, spares etc) Item 1.00 $160,160.00 160,160.00$ 25% 200,200.00$  Novatron Quote
2.0 DESALINATION PLANT Total Carried to Summary 10,574,851.73$ 10,864,641.66$
3.0 TREATED WATER TRANSFER
3.1 TRANSFER MAIN
3.1.1 Excavate, Supply, Lay and Backfill DN5000PE PN8 Pipe m 400 $219.70 87,879.28$ incl 87,879.28$ David Moss Pipe Quote
3.2 TRANSFER PUMP STATION
3.2.1 Instrumentation Item 1 $5,000.00 5,000.00$ 25% 6,250.00$  Allowance
3.2.2 Civils Item 1 $10,000.00 10,000.00$ 25% 12,500.00$  Allowance
3.2.3 Pump Station 203/s @18m head Item 1 $559,306.00 559,306.00$ incl 559,306.00$
3.2.4 Provision for SCADA Requirements & Telemetry No 1 $7,687.50 7,687.50$ 25% 9,609.38$ From CMAC Review estimate
3.0 TREATED WATER TRANSFER Total Carried to Summary 669,872.78$ 675,544.66$
4.0 POWER
4.1 POWER GENERATION
4.1.1 Power Generation kW 1224 $3,000.00 3,672,000.00$ incl 3,672,000.00$ $5.4M for 1.8MW - J. Greissman - Horizon Energy
4.0 POWER Total Carried to Summary 4,349,560.28$ 3,672,000.00$
Option 3 - Peaking
SCHEDULE OF PRICES
FOR
OCEAN OUTFALL
ITEM DESCRIPTION UNIT QUANTITY RATE AMOUNT
 CONTRACTORS
PRELIMS AMOUNT Comment
1.0 REJECT TRANSFER - LAND
1.1 TRANSFER MAIN - LAND
1.1.1 Excavate, Supply, Lay and Backfill DN355PE PN12.5 Pipe No 20500.00 171.13$ 3,508,210.58$ incl 3,508,210.58$ David Moss Pipe Quote
1.2 TRANSFER PUMP STATION
1.2.1 Instrumentation Item 1 $5,000.00 5,000.00$ 25% 6,250.00$  Allowance
1.2.2 Civils Item 1 $5,000.00 5,000.00$ 25% 6,250.00$  Allowance
1.2.3 Pump Station 34.6L/s @42m head Item 1 $369,997.50 369,997.50$ incl 369,997.50$
1.2.4 Provision for SCADA Requirements & Telemetry No 1 $7,687.50 7,687.50$ 25% 9,609.38$ From CMAC Review estimate
1.0 REJECT TRANSFER - LAND Total Carried to Summary 3,895,895.58$ 3,900,317.45$
2.0 OCEAN OUTFALL
2.1 SAND AND SURFZONE
2.1.1 Horizontal Directional Drilling - Preliminaries/Mob./Demob. Item 1.00 $75,427 75,427.21$ incl 75,427.21$  DMCivil Rate
2.1.2 Horizontal Directional Drilling - DN315PE PN12.5 m 500.00 $1,680.00 840,000.00$ incl 840,000.00$  DMCivil Rate
2.1.3 Supply/Weld - DN315PE PN12.5 m 500.00 $96.55 48,272.68$ incl 48,272.68$ David Moss Pipe Quote
2.2 SEAFLOOR
2.2.1 Mobilise and Demobilise Barge Item 1.00 $100,000.00 100,000.00$ incl 100,000.00$  Allowance
2.2.2 Mobilise Pile Driving Equipment Item 1.00 $30,170.89 30,170.89$ incl 30,170.89$
 Harvey desal study with 1.4/1.05 location multiplier and
escaltion 2012 to 2017
2.2.3 Dive Team and Boat days 34.00 $11,314.08 384,678.79$ incl 384,678.79$
 Harvey desal study with 1.4/1.05 location multiplier and
escaltion 2012 to 2017
2.2.4 Site Engineer days 34.00 $1,131.41 38,467.88$ incl 38,467.88$  Harvey desal study with  escalation 2012 to 2017
2.2.5 Barge with Crane and Skipper days 34.00 $13,576.90 461,614.55$ incl 461,614.55$
 Harvey desal study with 1.4/1.05 location multiplier and
escaltion 2012 to 2017
2.2.6 Pile Driving days 2.00 $7,542.72 15,085.44$ incl 15,085.44$
 Harvey desal study with 1.4/1.05 location multiplier and
escaltion 2012 to 2018
2.2.7 Excavator days 4.00 $1,120.00 4,480.00$ incl 4,480.00$
2.2.8 Fabricate concrete anchor blocks and transport to site No 283.00 $1,131.41 320,188.52$ incl 320,188.52$  Harvey desal study with  escalation 2012 to 2017
2.2.9 Supply/Weld - DN315PE PN12.5 m 1700.00 $96.55 164,127.10$ incl 164,127.10$
2.2.10 Allowane for imported material Item 1.00 $150,000.00 150,000.00$ incl 150,000.00$
2.0 OCEAN OUTFALL Total Carried to Summary 2,632,513.06$ 2,632,513.06$
Option 3 - Peaking
FOR
Item Cost
POWER Type kWhr/kL Annual (kL) Annual (kWhr)kWhr/day $/kL
Borefield Variable 0.355 5,468,216 1,941,217 5,318 660,013.67$
Desal Plant Variable 4,000,000 0.332 1,329,939.47$
Product Transfer Variable 0.070 4,000,000 280,288 768 95,297.96$
Reject - Ocean Disposal Variable 0.194 1,468,216 284,834 780 96,843.53$
SUPPLY CHARGE No Rate
Borefield Fixed 7.00 189.8 1,328.60$
Desal Plant Fixed 1.00 189.8 189.80$
Product Transfer Fixed 0 189.8 -$
Reject - Ocean Disposal Fixed 0 189.8 -$
CONSUMABLES (incl. Chemicals) c/kL Annual (kL)
Borefield Variable 0 5,468,216 -$
Desal Plant Variable 0.19 4,000,000 743,138.48$
Product Transfer Variable 0 4,000,000 -$
Reject - Ocean Disposal Variable 0 1,468,216 -$
MAINTENANCE - Pumps and Bores No Rate
Borefield Fixed 7.00 10,000 70,000.00$
Desal Plant Fixed -$
Product Transfer Fixed 1 5,000 5,000.00$
Reject - Ocean Disposal Fixed 1 5,000 5,000.00$
MAINTENANCE - Pipe Length (Km) Rate ($/Km)
Borefield Fixed 5.60 300 1,680.00$
Desal Plant Fixed 0.10 300 30.00$
Product Transfer Fixed 0 300 120.00$
Reject - Ocean Disposal Fixed 20.50 300 6,150.00$
MAINTENANCE - Desalination Item Amount
Borefield Fixed
Desal Plant Fixed 1.00 140,999 140,998.90$
Product Transfer Fixed
Reject - Ocean Disposal Fixed
MAINTENANCE - % of asset capital % Amount
Borefield Fixed
Desal Plant Fixed
Product Transfer Fixed
Reject - Ocean Disposal Fixed 1 4,919,509 49,195.09$
TOTAL - type
Fixed 279,692.39$
Variable 2,925,233.11$
Total 3,204,925.49$
TOTAL - area $/YR
Borefield 733,022.27$
Desal Plant 2,214,296.65$
Product Transfer 100,417.96$
Reject - Ocean Disposal 157,188.61$
Total 3,204,925.49$
TOTAL - c/kL 80.1
SCHEDULE OF PRICES
OPEX - OCEAN DISPOSAL
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Appendix H – Option 3 Base Load Capex and Opex
Option 3 Base
SCHEDULE OF PRICES
FOR
BOREFIELD/DESALINATION PLANT AND PRODUCT
ITEM DESCRIPTION UNIT QUANTITY RATE AMOUNT
 CONTRACTORS
PRELIMS AMOUNT Comment
1.0 BOREFIELD
1.1 ARTESIAN BORES
1.1.1 Drill 5 Production Bores - DN250 Casing - 630m depth No 5.00 910,355.60$ 4,551,778.00$ incl 4,551,778.00$ Quote from Austral Drilling
1.2 EQUIP BORES
1.2.1 Supply and install Bore pumps incl cubicle, riser, headworks and cable No 5.00 $148,291.46 741,457.28$ incl 741,457.28$ Quote from Grundfos
1.2.2 Supply and Install Structural Steel Platforms No 5.00 $44,920.40 224,602.00$ incl 224,602.00$ Carnarvon Base Case Report
1.2.3 Pole Top Transformer No 5.00 $22,000.00 110,000.00$ 25% 137,500.00$ GFBI - Cost of Services
1.2.4 Cable Run to Bore No 5.00 $5,000.00 25,000.00$ 25% 31,250.00$ Allowance
1.2.5 Provision for SCADA Requirements & Telemetry No 5.00 $7,687.50 38,437.50$ 25% 48,046.88$ From CMAC Review estimate
1.2.6 Supply and install bore pump in MRWA Bore with diesel generator No 1.00 $73,684.68 73,684.68$ incl 73,684.68$ Quote from Grundfos
1.3 BOREFIELD COLLECTOR MAIN
1.3.1 Excavate, Supply, Lay and Backfill DN560PE PN20 Pipe m 800.00 $451.12 360,895.74$ incl 360,895.74$ David Moss Pipe Quote
1.3.2 Excavate, Supply, Lay and Backfill DN500PE PN20 Pipe m 800.00 $388.05 310,440.06$ incl 310,440.06$ David Moss Pipe Quote
1.3.3 Excavate, Supply, Lay and Backfill DN450PE PN20 Pipe m 800.00 $340.94 272,749.66$ incl 272,749.66$ David Moss Pipe Quote
1.3.4 Excavate, Supply, Lay and Backfill DN400PE PN20 Pipe m 800.00 $293.72 234,978.56$ incl 234,978.56$ David Moss Pipe Quote
1.3.5 Excavate, Supply, Lay and Backfill DN315PE PN20 Pipe m 800.00 $204.23 163,385.76$ incl 163,385.76$ David Moss Pipe Quote
1.0 BOREFIELD Total Carried to Summary 7,107,409.24$ 7,150,768.61$
2.0 DESALINATION PLANT
2.1 DESALINATION PLANT
2.1.1 Desalination Plant and Pre-Treatment Item 1.00 $5,874,231.00 5,874,231.00$ incl 5,874,231.00$  Novatron Quote
2.1.1 Cooling Tower Item 1.00 $825,000.00 825,000.00$ incl 825,000.00$  Novatron Quote
2.1.1 Post Treatment Item 1.00 $0.00 -$
2.2 MISCELLANEOUS
2.2.1 Plant Tanks Item 1.00 $264,000.00 264,000.00$ 25% 330,000.00$  Allowance
2.2.2 Civil Works - Site Item 1.00 $160,050.00 160,050.00$ 25% 200,062.50$  Allowance
2.2.3 Civil Works - General Item 1.00 $281,949.73 281,949.73$ 25% 352,437.16$  Allowance
2.2.4 Plant Pipework m 100.00 $400.00 40,000.00$ 25% 50,000.00$  Allowance
2.2.5 Power Supply Item 1.00 $110,000.00 110,000.00$ 25% 137,500.00$  Allowance
2.2.6 Transport Item 1.00 $92,400.00 92,400.00$ 25% 115,500.00$  Novatron Quote
2.2.7 Misc. (Commissioning, spares etc) Item 1.00 $149,160.00 149,160.00$ 25% 186,450.00$  Novatron Quote
2.0 DESALINATION PLANT Total Carried to Summary 7,796,790.73$ 8,071,180.66$
3.0 TREATED WATER TRANSFER
3.1 TRANSFER MAIN
3.1.1 Excavate, Supply, Lay and Backfill DN400PE PN8 Pipe m 400 $179.38 71,751.21$ incl 71,751.21$ David Moss Pipe Quote
3.2 TRANSFER PUMP STATION
3.2.1 Instrumentation Item 1 $5,000.00 5,000.00$ 25% 6,250.00$  Allowance
3.2.2 Civils Item 1 $10,000.00 10,000.00$ 25% 12,500.00$  Allowance
3.2.3 Pump Station 137/s @16m head Item 1 $358,752.00 358,752.00$ incl 358,752.00$
3.2.4 Provision for SCADA Requirements & Telemetry No 1 $7,687.50 7,687.50$ 25% 9,609.38$ From CMAC Review estimate
3.0 TREATED WATER TRANSFER Total Carried to Summary 453,190.71$ 458,862.59$
4.0 POWER
4.1 POWER GENERATION
4.1.1 Power Generation kW 783 $3,000.00 2,349,000.00$ incl 2,349,000.00$ $5.4M for 1.8MW - J. Greissman - Horizon Energy
4.0 POWER Total Carried to Summary 2,349,000.00$ 2,349,000.00$
Option 3 Base
SCHEDULE OF PRICES
FOR
OCEAN OUTFALL
ITEM DESCRIPTION UNIT QUANTITY RATE AMOUNT
 CONTRACTORS
PRELIMS AMOUNT Comment
1.0 REJECT TRANSFER - LAND
1.1 TRANSFER MAIN - LAND
1.1.1 Excavate, Supply, Lay and Backfill DN315PE PN12.5 Pipe No 20500.00 153.53$ 3,147,410.58$ incl 3,147,410.58$ David Moss Pipe Quote
1.2 TRANSFER PUMP STATION
1.2.1 Instrumentation Item 1 $5,000.00 5,000.00$ 25% 6,250.00$  Allowance
1.2.2 Civils Item 1 $5,000.00 5,000.00$ 25% 6,250.00$  Allowance
1.2.3 Pump Station 50.4L/s @43m head Item 1 $358,757.00 358,757.00$ incl 358,757.00$
1.2.4 Provision for SCADA Requirements & Telemetry No 1 $7,687.50 7,687.50$ 25% 9,609.38$ From CMAC Review estimate
1.0 REJECT TRANSFER - LAND Total Carried to Summary 3,523,855.08$ 3,528,276.95$
2.0 OCEAN OUTFALL
2.1 SAND AND SURFZONE
2.1.1 Horizontal Directional Drilling - Preliminaries/Mob./Demob. Item 1.00 $75,427 75,427.21$ incl 75,427.21$  DMCivil Rate
2.1.2 Horizontal Directional Drilling - DN280PE PN12.5 m 500.00 $1,493.33 746,666.67$ incl 746,666.67$  DMCivil Rate
2.1.3 Supply/Weld - DN280PE PN12.5 m 500.00 $82.88 41,438.93$ incl 41,438.93$ David Moss Pipe Quote
2.2 SEAFLOOR
2.2.1 Mobilise and Demobilise Barge Item 1.00 $100,000.00 100,000.00$ incl 100,000.00$  Allowance
2.2.2 Mobilise Pile Driving Equipment Item 1.00 $30,170.89 30,170.89$ incl 30,170.89$
 Harvey desal study with 1.4/1.05 location multiplier and
escaltion 2012 to 2017
2.2.3 Dive Team and Boat days 34.00 $11,314.08 384,678.79$ incl 384,678.79$
 Harvey desal study with 1.4/1.05 location multiplier and
escaltion 2012 to 2017
2.2.4 Site Engineer days 34.00 $1,131.41 38,467.88$ incl 38,467.88$  Harvey desal study with  escalation 2012 to 2017
2.2.5 Barge with Crane and Skipper days 34.00 $13,576.90 461,614.55$ incl 461,614.55$
 Harvey desal study with 1.4/1.05 location multiplier and
escaltion 2012 to 2017
2.2.6 Pile Driving days 2.00 $7,542.72 15,085.44$ incl 15,085.44$
 Harvey desal study with 1.4/1.05 location multiplier and
escaltion 2012 to 2018
2.2.7 Excavator days 4.00 $1,120.00 4,480.00$ incl 4,480.00$
2.2.8 Fabricate concrete anchor blocks and transport to site No 283.00 $1,131.41 320,188.52$ incl 320,188.52$  Harvey desal study with  escalation 2012 to 2017
2.2.9 Supply/Weld - DN315PE PN12.5 m 1700.00 $82.88 140,892.35$ incl 140,892.35$
2.2.10 Allowane for imported material Item 1.00 $150,000.00 150,000.00$ incl 150,000.00$
2.0 OCEAN OUTFALL Total Carried to Summary 2,509,111.23$ 2,509,111.23$
Option 3 Base
FOR
Item Cost
POWER Type kWhr/kL Annual (kL) Annual (kWhr)kWhr/day $/kL
Borefield Variable 0.200 5,468,216 1,093,643 2,996 371,838.69$
Desal Plant Variable 4,000,000 0.373 1,491,578.08$
Product Transfer Variable 0.064 4,000,000 255,995 701 87,038.24$
Reject - Ocean Disposal Variable 0.166 1,468,216 243,724 668 82,866.11$
SUPPLY CHARGE No Rate
Borefield Fixed 5.00 189.8 949.00$
Desal Plant Fixed 1.00 189.8 189.80$
Product Transfer Fixed 0 189.8 -$
Reject - Ocean Disposal Fixed 0 189.8 -$
CONSUMABLES (incl. Chemicals) c/kL Annual (kL)
Borefield Variable 0 5,468,216 -$
Desal Plant Variable 0.15 4,000,000 585,792.60$
Product Transfer Variable 0 4,000,000 -$
Reject - Ocean Disposal Variable 0 1,468,216 -$
MAINTENANCE - Pumps and Bores No Rate
Borefield Fixed 5.00 10,000 50,000.00$
Desal Plant Fixed -$
Product Transfer Fixed 1 5,000 5,000.00$
Reject - Ocean Disposal Fixed 1 5,000 5,000.00$
MAINTENANCE - Pipe Length (Km) Rate ($/Km)
Borefield Fixed 4.00 300 1,200.00$
Desal Plant Fixed 0.10 300 30.00$
Product Transfer Fixed 0 300 120.00$
Reject - Ocean Disposal Fixed 20.50 300 6,150.00$
MAINTENANCE - Desalination Item Amount
Borefield Fixed
Desal Plant Fixed 1.00 126,238 126,238.46$
Product Transfer Fixed
Reject - Ocean Disposal Fixed
MAINTENANCE - % of asset capital % Amount
Borefield Fixed
Desal Plant Fixed
Product Transfer Fixed
Reject - Ocean Disposal Fixed 1 4,688,902 46,889.02$
TOTAL - type
Fixed 241,766.28$
Variable 2,619,113.72$
Total 2,860,880.00$
TOTAL - area $/YR
Borefield 423,987.69$
Desal Plant 2,203,828.95$
Product Transfer 92,158.24$
Reject - Ocean Disposal 140,905.13$
Total 2,860,880.00$
TOTAL - c/kL 71.5
SCHEDULE OF PRICES
OPEX - OCEAN DISPOSAL
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Appendix I – Drawdown versus Distance for a Single
Bore
GHD | Report for Carnarvon Growers Association/Gascoyne Water Co-operative - Carnarvon Artesian Desalination, 61/34615
Aquifer Level versus distance for a single artesian bore free flowing (ie the Airport Bore) –
Assumed pump rate of 3.1 ML/d. Starting head of -40m.
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Appendix J – Stakeholder Workshop Attendees
Stakeholder Workshop 1 – 8 June 2016
 John Nuttal (Shire of Carnarvon)
 Valerie Shrubb (DAFWA)
 Rohan Prince (DAFWA)
 Scott Brain (CGA)
 Luke Skender (CGA)
 Troy Sinclair (DoW)
 Eddie Smith (CGA)
 Joe Greissman (Western Power)
 Mel Foxley (GDC)
 Blair Shackleton (GHD)
 Brendan Klemm (GHD)
Stakeholder Workshop 2 – 12 September 2016
 Valerie Shrubb (DAFWA)
 Rohan Prince (DAFWA)
 Richard George (DAFWA)
 Tony Della Bosca (DAFWA)
 Scott Brain (CGA)
 Luke Skender (CGA)
 Daryl Abbott (DoW)
 Troy Sinclair (DoW)
 Eddie Smith (CGA)
 Joe Greissman (Western Power)
 Blair Shackleton (GHD)
 Brendan Klemm (GHD)
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